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ANALYTICAL CHEMISTRY OF THE 
MANHATTAN PROJECT: 
Volume 1. 
Edited by C. J. Rodden. Division ViIIl. 
748 pages, $6.75 
THE CHEMISTRY AND METALLURGY OF 
MISCELLANEOUS MATERIALS. 
Thermodynamics. Volume 19B 
Edited by Laurence L. Quill. Division IV. 
329 pages, $3.00 
BIOLOGICAL STUDIES WITH POLONIUM, 
RADIUM, AND PLUTONIUM. 
Volume 3 
Edited by Robert M. Fink, Division VI. 
4ll pages, $3.75 
THE TRANSURANIUM ELEMENTS. 
Volume 14B 
Edited by Glenn T. Seaborg, Joseph J. Katz, and 
Winston M. Manning. Division IV. 1778 pages 
(two parts, not sold separately) $15.00 
SPECTROSCOPIC PROPERTIES OF URANIUM 
COMPOUNDS. 
Volume 2 
Edited by G. H. Dieke, and A. B. F. Duncan. 
Division Ill. 308 pages, $2.75 
BIBLIOGRAPHY OF RESEARCH ON HEAVY 
HYDROGEN COMPOUNDS. 
Volume 4C 


Compiled by Alice Kimball. Edited by Harold C. McGR AW-HIL Vee 


Urey and Isidor Kirschenbaum. Division Ill. 


366 pages, $3.25 B O rae om PAN IN 
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Extra Value #1 
Actual lot analysis 
on each label 


Extra Value #2 
Multiple Case Plan 
saves up to 10% 


Extra Value #3 
Quick service from 
nearby points 


you get all these 


EXTRA VALUES 
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Look at the iabel on the reagent chemicals you buy. Each Baker 
Analyzed label gives you the degree of purity achieved by actual 


lot analysis—not just maximum limits of impurities. 


Baker’s Multiple Case Plan saves you money. Save 5% extra if you 
order in 5 case lots for shipment to one point—approximately 10% 


if 25 cases are shipped to one point. 


More of the nation’s leading Laboratory Supply Houses carry com- 
plete stocks of Baker’s Analyzed C. P. Chemicals than any other 
brand. This means quick shipments to almost any place at any time. 
Be sure to get all three extra values. Specify Baker’s. Get all three 
extra values—extra quality, service and price. This is Baker’s 


method of giving values. 


J. T. Baker Chemical Co., Executive Offices and Plant, Phillipsburg, 
New Jersey. Branch Offices: New York, Philadelphia, Boston, 


SPECIFY ‘Bal cer Analyzed 


the Laboratory Chemicals with 
the actual lot analysis on the label 


Baker Chemicals 
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when you buy Baker Analyzed C.P CHEMICALSE 
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the one best source 
for laboratory stoppers 


STANDARD @ PURE GUM 
NEOPRENE 


Your laboratory supply dealer 
has ample stock for immediate 
delivery. 


R. W. RHOADES METALINE CO., INC. \ST, LONG ISLAND LILY. 
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For 1951 publication 
Textbooks for your classes—sourcebooks for research 


LABORATORY MANUAL OF ELEMENTARY ORGANIC CHEMISTRY 


Second Edition. By Gzorcr Houmes Ricuter, The Rice Institute. Specifically designed 

for students of the biological sciences. New experiments include: trimethylene bro- 

mide, camphor, benzyl alcohol and benzoic acid, DDT, sodium benzenesulfonate, hip- P 

puric acid, chlorobenzene, 2-methyl-1,4-naphthoquinone, and phenthiazine. Second : 

Edition, January. 146 pages. $1.80. CHEN 
AME! 


INTRODUCTION TO AGRICULTURAL BIOCHEMISTRY 


By R. Apams Dutcuer, CiirrorpD O. Jensen, and Paut M. Attuouse; at The Pennsyl- 
vania State College. Covers general introductory material, plant growth, and animal 


growth; includes such so eine topics as farm chemurgy, pesticides, biological oxida- A. Car 
tions, and the nutritional requirements of humans and domestic animals. Designed i, N. Aly 
for a one-semester course. January. 502 pages. $6.00. Fal 

D. Ma 


THE CHEMISTRY OF HYDRAZINE 


NORR 
By L. F. Auprietx and Berry Acxerson Occ; both at the University of Illinois. A prac- 
tical, comprehensive treatment of hydrazine and its important characteristics, prop- Be 
erties, and inorganic compounds. Includes a patent survey of the uses and application A 


of this hydronitrogen. March. Approx. 242 pages. Prob. $4.50. 


THE FISCHER-TROPSCH AND RELATED SYNTHESES 


By Henry H. Storcn, Norma Gotumsic, AND Rosert B. ANpErson; a// at the Bureau of 
Mines. A critical review of very large masses of scientific and engineering data on the 


synthesis of aliphatic organic compounds, chiefly hydrocarbons and alcohols, by the ~ptas 

catalytic hydrogenation of carbon monoxide. Ready in February. Approx. 603 pages. A, Car 

Prob. $8.50. Fal 
HETEROCYCLIC COMPOUNDS, Volume Il a 
Five- and Six-Membered Polycyclic Compounds Containing One O or S Atom. Edited by Willi 

Rosert C. ELpERFIELD, Columbia University. As in Volume I, emphasis is on the chemical a 

principles of the substances treated. Full use is made of the newer concepts as bases for a 


explanation and correlation of observed facts. Includes anthocyanines, flavones, flavo- “it 
nols, chromenes, etc. January. 571 pages. $15.00. Ede 


METHODS OF OPERATIONS RESEARCH 


By M. Morse, The Massachusetts Institute of Technology, and E. 
Columbia University. A summary of the important material on operations research that 
has recently been declassified. The authors were both members of the Operations Re- 
search Group of the U.S. Navy. A TECHNOLOGY PRESS BOOK, M.I.T. February. 
158 pages. Prob. $4.00. 


CRYSTAL GROWTH 
By H. E. Buckuey, University of Manchester. January. 571 pages. $9.00. 


IDENTIFICATION OF MOLECULAR SPECTRA 


Second Edition. By R. W. B. Pearse and A. G. Gaxpon; both at the Imperial College, 
London. December 1950. 276 pages. $8.50. 


Send for copies on approval 


JOHN WILEY & SONS, Inc. bs 
440 Fourth Avenue New York 16, N. Y. : 


JOURNAL OF CHEMICAL EDUCATION, JANUARY, 195m 


is 
3 
loan Adg 
y F 

Uni 
K 
lege 
8. 
i 
y 

col 

USINE 

Es 

ED! 
4A 

a 


Published by the 
DIVISION OF 
CHEMICAL EDUCATION 
OF THE — 
AMERICAN CHEMICAL 
SOCIETY 


OFFICERS 
, A. Campbell Chairman 
a. N. Alyea Chairman-elect 
H. Fall Secretary 
Martin Treasurer 


NORRIS W. RAKESTRAW 
Editor 
Benjamin F. Gould 
Advertising Mer. 

Adgie Asst. to the Ed, 
yF. Mack Business Mgr. 
8. Fleck Asst. Business Mgr. 
lyn Wright Circulation Mgr, 


BOARD OF PUBLICATION 


A, Campbell L. L. Quill 
H. Fall H. Hale 
W. F. Kieffer 


ASSOCIATE EDITORS 


| William E. Cadbury, dr. 
Haverford College 


Leurence S. Foster 
‘stertown Arsenal, Massachusetts 
doel H. Hildebrand 
University of California 
Kenneth A. Kobe 
University of Texes 
Henry M, Leicester 
pllege of Physicians and Surgeons 
of San Franciseo 
Ralph E. Oesper. 
University of Cincinneti 
G. Ross Robertson ‘ 
University of California 
Los Angeles; Calif. 
B.D. VanEvera 
George Washington University 
Washington, D.C. 
Elbert C. Weaver 


Phillips Academy 
ver, Mass. 


SINESS & PUBLICATION 
20th and Northampton Streets - 
, Pennsylvania 


| EDITORIAL OFFICE 
Sori Institution 
La jolla, California 


| ADVERTISING OFFICE 


500 Fifth Avenue 
New York 18, N, Y. 


VOLUME 28 


Danuary, 1951 


Symposium on the Teaching of Nuclear Chemistry ; 
——— in Radioisotopes at the Oak Ridge Institute of Nuclear Studies, R. T. 
erman 


NUMBER 1 3 


Nuclear Chemistry at Rensselaer Polytechnic Institute, Herbert M. Clark........ 4 


Teaching Nuclear Chemistry at Notre Dame University, William H. Hamill, 
Russell R. Williams, Jr., and Robert H. Schuler...................0005 


ay mn Chemistry at the University of California, J. Perlman and G. T. Sea- 


Teaching Radiochemistry at Massachusetts Institute of Technology, Charles D. 


Rotational Training Assignments in the Atomic Energy Industry, R.“E. Curtis..... 21 
Student Experiments on Ion Exchange, Sigfred Peterson..................05+: 22 
A Course on the Determination of Organic Compounds, K. G. Stone............ 26 
Molecular Models of Silicates for Lecture Demonstration, William K. Noyce..... 29 
Promoting Research in the Southeast. A Progress Report, John R.Sampey....... 32 
A Simple Device for Weighing Gases, John W. Chittum and Roy I. Grady....... 33 


An Inexpensive Transference Number Apparatus, T. J. Roemerand R. A. Cooley.. 37 
A Sniee Separation of Some Dyestuffs, John Shott, III and Harold W. 


More Reliable Letters of Evaluation, E. A. 40 
An Improvised Ultramicroscope, C. C. Kiplinger...............00ccceeeueeees 42 
Testing the Outcomes of Chemical Education, Beatrice Levy.................. 43 
Report of a Seminar on the General Science Course in Higher Education, Sister 

Proceedings of the Pacific Southwest Association of Chemistry Teachers 

Report of the New England Assocation of Chemistry Teachers 

Bosca’ Advances in Fluorine Chemistry, Glenn C. Finger................... 49 
Out of the Editor’s Basket...... 41A-42A Frontispiece—Arthur Stoll.......... 35A 


Subscription Price: Domestic $3.00 per year; Countries in Pan-American Union $3.00 per year; Canada $3.50; other 
countries $4.00. Issued monthly. Single copies of issues in current year, 50c each; all other single copies, one dollar. 
Foreign remittances must be accompanied by International Money Order. 


No claims for copies of journals lost in the mails can be allowed unless such claims are received within sixty (60) days 
of the date of issue and no claims can be allowed for issues lost as a result of insufficient notice of change of address. 
Manuscript for publication should be directed to the editor. Prospective authors are urged to avoid diffuse writing 
and to observe the forms outlined in our Notice to Authors of Papers as it appears on page 714 of the Dec. 1950 issue. 
Entered as second-class matter, January 31, 1924, at the Post Office at Easton, Pa., under the act of March 3, 1879. 
Accepted for mailing at special rate of postage provided for in Section 1103, Act of Oct. 3, 1917, authorized Jan. 31, 1924. 


The JOURNAL OF CHEMICAL EDUCATION is the official organ of the Divisions of Chemical Education and History of 
Chemistry and incorporates the Report of the New England Association of Chemistry Teach It is indexed in the 
Education Index, Industrial Arts Index, and, in part, in the Quarterly Cumulative Index Medicus. 
Copyright, 1951, by Division of Chemical Education, American Chemical Society 


| : 
| 
] 
i 
RY, 


Hanvy To usE 

Case bound impreg- 
nated buckram cover, 
end-stitched for durabil- 
ity and firmness in 


Vividly lustrated 
finger-tip information 


750 pages 
2800 detailed cuts 
12,000 products 


FOR 
INSTANT AVAILABILITY 
OF INFORMATION 
All items 
@ CROSS INDEXED 
NUMBERED 
CONSECUTIVELY 


@ LISTED 
ALPHABETICALLY 


money were poured into this 
new, concise catalog to make 
it the most complete, most 
informative, yet simple-to-use 
catalog in the laboratory 
apparatus field. 


SCHAAR & CO. 


754 W. LEXINGTON ST. ‘CHICAGO 7, ILL. 
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ANOTHER MERCK SERVICE 


Write Today For Your Free Copy of This 


Handy Chemical Reference Cha 


FORMULA CALCULATIONS 
Multiples of Element Weights 


Number Log Number Log Number Log 
c 1201 0795 | H 1.008 0035 | O 16 2041 
C, 2402 (3806 | H, 2016 3045 | O, 32 "3052 
C, 36.03.5567 14806 ‘6812 
C. «6816 032s 1605S | ‘9062 
C, 60.05.7785 5.040 «7028 O, 9031 
C. 72.06 8577 6048-7816 | ‘9823 
7056 9486 | 112 ‘0492 
C. 9608 (9826 | H, 8064 9066 | O, 128 “1072 
C. 120.10 0795 | Hw 10.08 0035 | 0, 160 : 
C, 13211 | 1.09 14.008 
C. 146.12 11587 | Hi, 12.10 ©0828 28.02 
C. «156.13 «1985 | Hy 42.02 
C. «168.18 | Hy «1411495 $6.03 
C= 180.15 12556 | Hi 15.12.1796 70.04 
C. «192.16 12837 | Hy 16.13 2076 84.05 
Cy 204.17 3100 | Hy 17.14 ~—-.2340 32.06 
Cw 1814 2586 64.12 
96.18 
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Other Merck charts available include: 
* Periodic Chart of the Elements 

* Sensitivity of Qualitative Reactions 
* Qualitative Analysis Chart 
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MERCK & CO., 
Manufacturing Chemists 


PauWay, 


new 


Please mention CHEMICAL EDUCATION when writing to advertisers 


DESIGNED FOR LABORATORY 
AND CLASSROOM USE: 


Prompt Classification of Organic Com- 
pounds According to Solubility 


(easy reference to the 9 basic 
solubility classes.) 


Rapid Calculation of Higher Molecular 
Weights for Compounds Containing 
C, H, O, N, S, Cl, Br, I. 
(logarithms of multiple elements 
in one handy table.) 


All this useful information, including 
logarithm tabie and latest atomic weights 
in one handy chart, folded and punched 
to fit your notebook. 

Continuing a long tradition of scientific service, we 
are happy to make this latest informational chart 
available to the chemical profession and to the many 


thousands in its ranks who depend in their daily 
work on the unvarying purity of Merck Laboratory 


MERCK 
LABORATORY 
CHEMICALS 


MERCK & CO., INc. 
Rahway, New Jersey, Dept. ED-1 


| 
Please send ...... copies of your new Chemical | 
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Eager young hands are rarely _ stability, high thermal and physical resistance, 
sure hands. When they work PYREX ware combines advantages that make your 
with laboratory glassware, itis | work safer besides keeping 
far safer to provide apparatus which is known for _ your budget under control. See 
its sturdy quality. Tough PYREX brand laboratory — your nearest Laboratory Sup- 
glassware is the practical answer for student use. _ ply Dealer for replacements. 
Because it does resist thermal shock better thanany abe 
other glassware, there is greater safety for the the past few years, Corning has pre- 
student . . . less worry for you. pared several booklets describing the 


‘ work and lives of famous men of 
Besides, you can count on PYREX brand labora- science... men like La- 


tory ware to keep costs down. It pays off in longer _yoisier, Pasteur and Nieuwland. Write 
service life. Balanced for maximum chemical direct to Corning for information. 
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Its precision bore tubing insures 
ABSOLUTE ACCURACY 


at every graduation 


Widespread, enthusiastic response to our 
Ultramax Buret, manufactured of Fischer 
and Porter precision bore Pyrex brand tub- 
ing, has encouraged us to make several vital 
improvements at no extra cost to the con- 
sumer. These improvements are based on 
suggestions made by chemists in the field who 
subjected the Ultramax Buret to rigid tests. 

The most important improvement is 
that the operation of the teflon plug has been 
changed to give positive turning and inde- 
pendent adjustment of pressure. The round 
knob has been replaced with a hexagonal 
shape to prevent rolling of the buret on a 
horizontal surface. This knob and lock nut 
are now made of acid and alkali resistant 
Vinylite instead of catalin, as previously 
employed. New methods of machining the 
teflon plug have eliminated any possibility 
of leakage. 

Finally, a new process is used for pro- 
ducing a permanent fused-in ceramic scale 
that insures permanent linearity. 


DETAILS OF CONSTRUCTION 


The valve assembly consists of a self-lubri- 
cating teflon plug seated in the tapered end of 
the buret tube. A channel is formed into the 
glass, enabling fluid passage through a side 
port of the plug when turned to the open 
position. The teflon plug is rotated by a large 
plastic turning knob, and is held in place by 
a locking nut threaded on the lower extension. 
When this locknut is tightened, the plug is 
pulled into contact with the tube taper, seal- 
ing tightly. A teflon washer adjacent to the 
glass, and a compression O-ring separate the 
plastic knob from the buret glass tubing. 
These last components facilitate easy turning 
and provide regulation of thesealing pressure. 

Two glass tips of different size orifices 
are available and are interchangeable with 
any Ultramax Buret. The ground top of the 
glass tip fits into an internal taper lock of the 
teflon plug. 


PRICE LIST 


G@ 3102 ULTRAMAX BURET complete with integral 
stopcock valve (to del. 50 ml only)..$ 5.45 
Cave DEF COTE... 28.20 
G $102 A Precision Glass Tube only ........... ea. 3.25 
G 3102 B Valve Assembly, including glass tip .ea. 2.25 
G@ 3102 © Extra Glass tip: Bureau of Standards 


G 3102 D Extra Glass tip: Extra fast flow time 
ea. 


20-26 N. MOORE STREET 
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NEW YORK 13, N.Y. 


permanent fused-in 
ceramic scale 
INSURES 
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self-lubricating 
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Cenco Dial 


RESISTANCE BOXES 


“and dial controls, these boxes 


in low contact resistance’ switches 


adjusted to 0.1% —fractional-coils to 


0.25 of 1%. Made in ranges of 999 x 1 ohm, 9999 x1 ohm, and _ % "5 


999:9 x 0.1 ohm, Write for circular 1184. 


SOMPANY | 


CENTRAL SCIENTIFI 


© Scientific Instruments 


Laboratory Supplies 


Washington Detroit New York Los Angeles San Francisco Santa Claro Toronto Montreal Vancouver 
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SAMUEL MARON 


Coming in the Spring 


Introductory College Chemistry 


FIFTH EDITION 


Designed to satisfy the needs of all be- 
ginning chemistry students in an intro- 
ductory, general course, this edition is 
a radical revision, bringing the material 
in line with present concepts of teaching 


chemistry. The first three chapters have 
been rewritten, more emphasis has been 
placed on the influence of size and struc- 
ture in the atom, and atomic energy and 
fission have been given more attention. 


Introductory Chemistry 


This is a chemistry text for those stu- 
dents who need a broad, general back- 
ground in one year. Here is chemistry 
in terms of its applications in allied fields. 
The book should be particularly useful 


to students of nutrition, nursing, and 
physical education and to students in the 
biological sciences, who need a basic 
knowledge of the fundamentals of organic 
and inorganic chemistry. 


Principles of General Chemistry 


FOURTH EDITION 


This well-known general chemistry text 
has been thoroughly revised in this new 
edition. The experimental background of 
fundamental principles receives greater 
emphasis than in the previous editions; 


there is a closer integration of experi- 
mental data and theory; and there is a 
broad coverage of inorganic chemistry, 
with a brief introduction to a few classes 
of organic compounds. 


Fundamental Principles 


of Physical Chemistry 


REVISED EDITION 


In this revised edition, Dr. Maron has 
increased the number of problems by 
about thirty per cent. The nonessential 
material in previous editions has been 
taken out, and the approach has been 


simplified where necessary. The text 
provides a thorough modern training in 
the essential principles of physical chem- 
istry, their effective use and their correct 
application. 


THE MACMILLAN COMPANY 


6 O 
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advancement of American Sciences 


Since 1882 
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"GENERAL CHEMICAL DIVISION 
AUIED CHEMICAL & DYE CORPORATION 
_ Rector Street, New York 6, N.Y. 
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PRECISION-FREAS Ovens, Dryers, etc. are so out- 
standing for temperature-control service that they are 
“most wanted” in all fields. Ribbon-type, low watt 
density heaters operate at Black Heat; sealed hy- 
draulic thermostat, turborotor convection, etc., assure 
extra long satisfaction. Complete line. Bulletin11-330 


Your work can be easier, surer, more economical with the 
appropriate Precision apparatus — ‘‘utility’’ items to 
highly specialized instruments. Whatever your need for 
replacement or addition to your laboratory, choose from 


our 3,000 proved products... 


Precision Scientific Company 


PRECISION Utility Water Bath does many jobs, 
using various racks and covers, saves space and extra 


equipment. Temperature control to 0.3°C., handy ref- 


erence dial; no cleaning, Stainless Steel throughout. 
Large or small Models for AC or DC, Room to 60° or 
100°C., low price. Bulletin 11-600 


3737 W CORTLAND STREET—CHICAGO 47 


* FINEST Research and Production Control Apparatus 
NEW YORK * PHILADELPHIA ST.LOUIS) SAN FRANCISCO 


HOUSTON 
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announces the Spring publication of 
HOPKINS and BAILAR’S 
General Chemistry for Colleges, 


FOURTH EDITION 


New! Modern and attractive in format! Thoroughly up-to-date! The Fourth 
Edition is based on the well-known and widely-used General Chemistry 
for Colleges, Third Edition by Hopkins. 


FIESER and FIESER 
Textbook of Organic Chemistry 


PUBLISHED IN OCTOBER 749 pages $6.00 


Organic Chemistry, Second Edition 
PUBLISHED LAST JUNE 1140 pages $7.50 


D.C. HEATH AND COMPANY 


OELKE 


Semimicro Qualitative Analysis 
PUBLISHED LAST APRIL 386 pages. $4.00 


McBAIN 
Colloid Science 

PUBLISHED LAST JULY 458 pages $6.25 
COLLEGE DEPARTMENT— 285 Columbus Avenue, Boston 16 
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heightened by the advent of the second term ay : y Hundreds of 
these laboratories have for years met this problem the quick, depend- 
able way by using the facilities of WILL known for years as a 


specialist in the educational field. Whether your need is for Equipment 


for everyday laboratory Supplies SERS or for tested, pure 


Chemicals rely on WILL for guaranteed satisfaction. Five con- 


veniently located office-warehouses carrying extensive 
stocks of the varied items used in educational laboratories, and all 
linked by teletypewriter inter-communication, afford speedy delivery of 


orders. Send your list to the nearest address listed below. 


SOUTHERN SCIENTIFIC WILL CORPORATION 


@ BUFFALO 5, N. SERVING SCIENCE THROUGH SUPPLY 


BUFFALO APPARATUS ROCHESTER 3, N. Y. WILL CORP. 
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COMMON PROBLEM 
Ss urchasing for an educational institution is a year-round problem, 
3 
[\ [\ for any of the thousands of items of Glassware a | 
"WILL CORPORATION of Md. 
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Their long, useful life means low costs for you 


Fewer culture tubes are broken than 
are retired from use because of etch- 
ing and scratching. Tubes that stay 
clear provide the longest service— 
give you the lowest costs. 

Kimble Culture Tubes are made of 
Kimble N51A glass—a borosilicate 
glass that has higher chemical dura- 
bility than any other available. 


In laboratories across the nation, 
tubes of Kimble N51A glass outserve 
others by wide margins. They espe- 
cially resist alkaline and neutral solu- 
tions, including hot water and steam. 

Make tests yourself. Use Kimble 
Culture Tubes side by side with any 
others available. Match them for clar- 
ity, for long life, any way you want. 


KIMBLE GLASS TOLEDO 1, OHIO 


Division of Owens-Illinois Glass Company 


Kimble Culture Tubes No. 45048 and No. 45066 (with screw cap). 


Provided with sandblasted spot for marking. 


Your own records will show you how 
well these tubes serve... how much 
they can save. 

You’ll find, too, that Kimble Cul- 
ture Tubes are the lowest-priced 
borosilicate tubes on the market. Your 
laboratory supply dealer will be glad 
to give you complete information 
about prices, types and sizes. 
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ECTRONIC 
AUDIO OSCILLATOR 


A noiseless, variable a.c. voltage, constant frequency source for sharp audio balance 
of bridge circuits in conductivity measurements 


AUDIO OSCILLATOR, Electronic, 1000-Cycle. A noiseless, 
variable a.c. voltage, constant frequency source for sharp audio 
balance of bridge circuits, such as the Wheatstone bridge used in 
conductivity apparatus. The 1000-cycle output is a sine wave with 
less than 5% harmonic distortion, and has variable amplitude up to 
5 volts; output impedance 500 ohms. These characteristics are 
superior to those of the microphone hummer type oscillator, and 
the need for sound insulation or a battery is eliminated. 


Complete with potentiometer, with graduated reference dial in 100 divisions, for varying the output 
from 0 to 5 volts; three output terminals A, B and C, and including 12J5GT and 50Y6GT electronic 
tubes as the oscillator and rectifier, respectively. In use, terminals A and B, or B and C provide variable 
voltage; full output without variation is obtained by using terminals A and C. By grounding terminal 
B and using A and C as output terminals, a Wagner ground is obtained. See Frederick Emmons 
Terman, Measurements in Radio Engineering, 1st ed. (1935), p. 41. Mounted on rubber feet; overall 
dimensions 5 inches long X 434 inches wide X 51% inches high. 

3949. Audio Oscillator, Electronic, 1000-Cycle, as above described, complete with 1 ampere fuse and 5 ft. connecting cord 


10% discount in lots of 6 or more. 


ORGANIC FORMULAE STENCIL 


For facilitating the drawing of complex organic structural formulae 


STENCIL, DRAWING, ORGANIC FORMULAE, Microid, con- 
sisting of a flexible, transparent plastic plate with cutouts of eight 
characteristic ring systems, which facilitates the drawing of complex 
organic structural formulae of almost any five or six-membered ring 
compounds. Can be used with pen or pencil, and is provided with both 
horizontal and vertical guide lines for easy alignment. The ortho, 
meta and para positions correspond with the line spacing on a standard 
typewriter, and the ring systems are separated by the exact width of the benzene ring. Overall dimen- 
sions 5 inches long X 3 inches wide; benzene ring % inch high X 132 inch wide. 


9221. Stencil, Drawing, Organic Formulae, Microid, as above described. ........... 2.04 


10% discount in lots of 12 or more. 


ARTHUR H. THOMAS COMPANY 


RETAIL — WHOLESALE — EXPORT 
LABORATORY APPARATUS AND REAGENTS 
WEST WASHINGTON SQUARE, PHILADELPHIA 5, PA., U.S.A. 
Cable Address ‘“‘Balance,”’ Philadelphia 


Please mention CHEMICAL EDUCATION when writing to advertisers 17A 
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HARVARD TRIP 


80 90-100 110! 120 


The desirable Harvard Trip Balance i; « 


pletely modernized scale equipped with two stainless 
weighing platforms—heat, corrosion and chemical resist 
—and stainless steel relief etched beams. 

Ohaus patented bearing construction, employing self-ali 
ing, polished agate bearings against precision hollow 
tool steel knife edges, insures the maximum sensiti 
attainable with this type of balance. 


The ruggedly-built Harvard Trip Scale features pro 
hardened bearing parts with all vital components he 
plated. The scale is capable of withstanding heavy 

loading without danger of deflection. 


Since 1907, Ohaus has furthered their reputation as 

specialists. The Ohaus trade mark on any balance is 

assurance of superior craftsmanship and exemp 
performance. 


The Harvard Trip Balance is also available with glass p 
removable brass pans, scoops or iron plates. 


“WE INVITE YOUR INQUIRY FOR COMPLETE DESCRIPTIVE CATALOG = 
_ AND NAME OF LABORATORY SUPPLY DEALER NEAREST YOU. 
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“CE... 
WITH YOUR NEEDS 


Standard Scientific Supply Corporation is one 
of the pioneer laboratory supply houses in this 
country. It was foundedrin 1888 by Richard 
Kny and was later kagwnias the Kny-Scheerer 
Corporation, Department Scientific Equip- 

AMS depart fitegt was incorpor- 


‘fen, many with almost a 
quarter-century of ekp@fience, is prepared to 
assist you in selectirig*the specialized items 
necessary for the modern laboratory. 


START THE NEW YEAR RIGHT! 

Make it “STANDARD PROCEDURE” to 
make STANDARD your source of supply for 
ALL laboratory needs! 
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ELCONAP-INCUBATORS 


AUTOMATIC @ ELECTRIC @ ANHYDRIC 


ELCONAP type “A” incubators are constructed of asbestos transite with insulated 
walls and are trimmed in stainless steel. The asbestos surfaces are painted with a specia| 

fume’ and heat resistant grey enamel. All Elconap incubators are furnished with inne 

glass doors. The large size type A4 and A5 incubators are proates with two thermo. 

stats to assure precision of control throughout the chamber. Elconap type “A” incubator 
have a working temperature range from room to 70° C and an operating sensitivity of 
+0.5° C. Incubators are supplied complete with thermometers, pilot light thermo. 
regulator, cord and plug. Please specify type of current when ordering. 


’ Guarantee: All Elconap products carry a five year guarantee against mechanical defects. 


Type Al A3 A4 A5 
Height 13 19 28 28 32 
Width 12 16 18 36 36 
Depth 12 14 20 20 20 
Shelves 2 2 3 3 3 
Each $110.00 $161.70 $200.20 $327.80 $395.00 No. 17! 
Each with floor stand Ae $224.40 $360.80 $430.0 


ELCONAP=OVENS 


THERMOSTATICALLY CONTROLLED 


ELCONAP Type “AO” ovens are of durable construction combined with pleasing appearance 
and precise performance. 


The cabinets are constructed of asbestos transite with suitable insulation and are trimmed in 
stainless steel. All asbestos surfaces are painted in a special grey heat and fume resisting enamel 
except on Models AO-3S, AO-S and AO-4S which are in their natural finish. Ovens are 
equipped with a simple and reliable thermostat, pilot light, and switch. Elconap ovens are 
guaranteed for five years against mechanical defects. 
TYPE AO-1 AO-2 AO-3 AO-3S AO-S AO-4 AO.-4S 
Height 12 14 12 12 12 14 14 
Width 10 18 10 10 14 18 18 No. 17 
Deep 10% 12 10% 10% 12 12 1 inles 
Watts 800 1500 00 800 000 1500 1500 1 /A0 ai 
emp. 
Range °C «145 145 165 180 180 165 180 
$88.00 $138.00 $115.00 $115.00 $130.00 $180.00 $180.00 
ELCONAP =WATER BATHS 
AUTOMATIC TEMPERATURE CONTROL 
FLCONAP_ constant temperature water baths are guaranteed for constant precise per- 
formance. Operating sensitivity is within 0.5° C. Temperature range is from room to 
65° C or higher depending on the type of bath. Elconap baths are constructed of mone! 
metal eliminating rust or corrosion with proper insulation between walls. A special 
deflecting septum radiates the heat and accelerates circulation of the water resultin 
in more even heat distribution, accuracy of control, and uniformity. An inner she 
permits placement of all types of racks, flasks and beakers. The Elconap Baths are guar 
anteed for five years against mechanical defects. 
Please specify type of current when ordering. 
Model No. 400 405 405/3 410 410/3 420 
Inside Width 5” 13%” 13%" 12” 30” 
Inside Length 1134” 1134” 1184" 24” 24” 24" No. 1 
nside epth 7” fies ied 72° foratec 
Temp. Range 65° 65° 100° 65° 100° 65° cover. 
Without Cover $91.30 $115.50 $214.50 has th 
With Cover $96.80 $132.00 $195.00 $236.50 $290.00 Capac 


Bulletins on other Elconap products sent on request. weigh 
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No. 1750s OHAUS TRIPLE BEAM BALANCE with six inch 
stainless steel plate and beams. Front beam calibrated 10 grams x 
1/10 gram; center beam 500 grams x 100 grams; back beam 100 


se per- 
00M 
monel 
special 
r she 
guar: 


20 

30” 
24” 
12” 
65° 


grams x 10 grams. Sensitivity 1/10 gram. Capacity 2610 grams 
with attachment egg Without attachment weights Each $17.40 
Attachment Weight 500 grams Each 


85 
Attachment Weight 1000 grams 1.45 


No. 1715s OHAUS DOUBLE BEAM BALANCE with six inch 
Silos steel plates and beams. Upper beam is calibrated 10 grams x 
1/10 gram; lower beam 200 grams x 10 pom. Sensitivity 1/10 gram. 
Rated capacity 2 kg, 5 kg can be used. The “Ohaus trade mark 
assures superior performance. Each $20.70 


No. 1102 OHAUS ANIMAL BALANSE per- 
forated aluminum subject box iin ick 9” wide x 5” dee 

cover. For wage a animals in biological experiments. Balence 
has three beams calibrated same as No. 1750s Triple Beam Balance. 
Capacity with attachment weights 2610 grams. Without attachment 
weights. Each $34.80 


No. 1830 OHAUS SOLUTION BALANCE with a capacity of 
20 kg, and a sensitivity of 1 gram. Balance has a 2 kg sliding tare 
beam and two graduated beams; one 100 grams x 1 gram and 1 kg x 
100 grams. An auxiliary set of slotted weights are provided, one 
each 1, 5, 10 kg and two @ kgs. Each $93.00 


No. 1735s OHAUS SINGLE BEAM BALANCE with six inch 
stainless steel plates and beam. Beam is calibrated 10 grams x 1/10 
gram. Sensitivity 1/10 gram. Rated capacity 2 kg, 5 kg can actually 
be used. “Ohaus” has been making these rugged scales since 1907. 

Each $17.40 


No. 2048 OHAUS LABORATORY WEIGHTS in a clearview 
plastic case. 50 grams to 10 mg; complete with stainless steel forceps. 
tolerances. 


Every weight is adjusted to well within Class “C”’ 
Gram weights are of lacquered brass, fractional 
weights are of aluminum. Per set $2.50 


OHAUS -ScALES FoR EVERY PURPOSE 
3 
$395.00 
7 
wD 
25.0 
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TEST PAPER = Hydrion - BUFFERS 


pHYDRION BUFFERS for QUICK PREPARATION 
of 
Fresh Solutions of Known pH Values 
For the setting of Electrometric pH Instruments and for other Laboratory requirements of g 


buffered solution. 
FEATURES of HYDRION BUFFERS 


® Quickly and completely soluble 

® Accurate to +0.05 pH unit 

© Dry powder is stable 

© Fifty Buffers, pH 2.0 to 12.0 in steps of 0.2 pH units 

© Packaged 12 capsules (each making 100 ml.) in a vial. 6 vials in a carton 


yd PRICE 
BUFFER 
095 pHYDRION TEST PAPERS in DOUBLE DISPENSERS 


Convenient— Accurate Check for pH Control Tests ‘ 


The Hydrion double roll dispenser contains two 15 foot rolls of Hydrion Test Paper, 
Hydrion pH Papers are available in two general classes. The Hydrion Wide Range 
Papers show sharp color for each full pH unit. The Hydrion Short Range Papers have 
sharp color changes for each HALF pH unit. 


Fowper in 100 
WA 


WIDE RANGE PAPERS 
Sharp color change for each FULL pH unit 
No. 150 Hydrion AB 


No. 151 4 

ydrion p to 

Double Roll Di — Sharp Col io. 15 ra pH 6to 11am 
fee each HALF No. 154 Hydrion C pH 11 to 190m 

p 

No. 1-5 pH range 1.0to 5.5 No. 156 Hydrion D pH 12 to 13 
No. 3-8 pHrange 3.0to 8.0 No. 157 Hydrion E pH 13 to 14 
No. 6-9 pHrange 6.0to 9.5 ; 


No. 10-14 pH range 10.0 to 14.0 
Dispenser complete with 2 rolls of 


pHYDRION TEST PAPERS in SINGLE ROLL DISPENSERS 
SHORT RANGE PAPERS 


Hydrion Short Range and Control Test Papers are available in the new improved 
Single Roll Dispenser. The Hydrion Single Roll Dispenser is inexpensive, easy to refill, 
and can be carried in the vest pocket. 


30 4.04.5 5.0 55 


No. 310 PH range 0.0 to 1.5 No. 350 pH range 6.8to 8.4 

No. 315 PH range 1.0 to 2.5 No. 355 pH range 7.2to 8.8 

No. 318 PH range 1.2 to 2.4 No. 358 pH range 8.0to 9.5 

No. 320 PH range 1.4 to 2.8 No. 360 pH range 8.2to 9.8* 

Oo. pH range 3.4 to 4. °. pH range 9.2 to 10. : Si i ini 

No. 333 PH range 4.8 to 6.7 No. 375 PH range 10.0 to 12.0 eoyerd ate an pug y Aptis 
PH range 5.2 to 6.6 No. 380 PH range 10.2 to 12.0 
pH range 5.6 to 6.8 No. 390 pH range 11.8 to 13.4 Control Papers..... each, complete $1.00 
PH range 6.0 to 8.0 No. 395 PH range 12.5 to 14.0 


* Suitable for testing Soap Solutions 
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needs 


SIA POWERFUL WETTING AGENT 


ON 


Master Cleaner ff 


s of g 


“WETTING AGENT 


@ CLEANS & BRIGHTENS— 


Laboratory Glassware, Surgical Instru- 
ments, Porcelain and Metal Equipment 


@ ELIMINATES— 
Tedious Scrubbing and Loss of Time 


@ PENETRATES— 


Loosens Frozen Glass Joints 


@ BLOOD SOLVENT— 
Removes Dried Blood and Fat from Glass 


A wonox is based upon an entirely new principle of deter- 
gent action. 


ALCONOX contains no soap, yet will produce abundant lather in 
water of any degree of hardness, without forming insoluble cal- 

cium film. It removes grease, fat, grit, tissue and blood easily; 
is non-poisonous, odorless and non-irritating to skin and 


tissues. 
ALCONOX 


Used by Hundreds of Nationally Known Institutions, 
Hospitals, and Industries to clean 


GENERAL LABORATORY EQUIPMENT 
Surgical Instruments Glass Ampoules 


Syringes and Stop Cocks 

ypo Needles Slides Petri Dishes 
Rubber Tubing Cover Glasses Television Tubes 
Operating Knives Pipettes Kitchen Equipment 
Face Masks Graduates Tile & Woodwork 
Sterilize Linoleum 


CONSIDER THESE ALCONOX ADVANTAGES 


REMOVES DIRT, BLOOD, TISSUE FROM GLASS, POR- 
CELAINWARE AND SURGICAL INSTRUMENTS 


—makes them sparkling clean, film-free and streakless. 
WORKS EQUALLY WELL IN HARD OR SOFT WATER 
—dirt, grime, grease, etc., lift right off. 

SAVES TIME, SAVES ENERGY 

—simply wash and rinse; towelling practically unnecessary. 
ECONOMICAL 

—a spoonful makes a whole gallon of active cleaner. 
RECOGNIZED AND ACCEPTED 


—for over ten years in leading hospitals, surgical clinics and 
scientific laboratories as the scientifically correct cleaner for all 
types of instruments and equipment. 


PROMINENT GLASS MANUFACTURERS 


—recommend ALCONOX for ampoule and laboratory glassware 
washing. 


CTAND ART 
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ACKTIC ACID, ACS, 

ACKTIC ANHYDIIDE, ACS, 
ACETONE, ACS, 

ALIIMINUM CHLOWIDE, Crystals 


agent 

ALUMINUM SULFATE, Crystals, Keagent 

AMMONIUM CITHATE, Heagent 

AMMONIUM HYDHOXIDE, A.C.S. 

AMMONIUM OXALATE, Crystals, A.C.S. 

AMMONIUM THIOCYANATE, Crystals, 
A.CS, Calibration Standard 

AMYL, ALCOHOL, A.CS. 

ANSENIC ACID, Crystals, Reagent 

BARIUM CHLOWIDE, Crystals, 
Calibration Standard 

BENZOIC ACID, A.C.S, 

BORIC ACID, Powders, A.C.S, 

BROMINE A.C.S, 

CADMIUM SULFATE Cryntals, 

CALCIUM CARBONATE, Iceland. Spar, 
(calcite), Crystals for Standardization, Cali- 
bration Standard 

CALCIUM CHLORIDE (CaCl, 20,0), Cryn- 
tala, A.C.S,, for lead 

A.C.S, 

Cl 


ACS, 


THIC ACID, Crystals, A.C.S. 

THIC ACID, Crystals, Special Low-Lead., 

For lead 

COBALTOUS NITRITE, Crystals, A.C.S, 

CUPKIC CHLORIDE, Crystals, Reagent 

CUPHIC SULFATE, Fine Cr wtaln, A.CS, 

AMMONIUM SULFATE, Crys- 
ta nm, A, 

FERRIC NITRATE Cryntaln, ALCS, 

FERROUS SULFATE, Crystals, Reagent 

FORMALDEHYDE, Heagent 

GLYCERINE, A.C.S, 

GLYCERINE, U.S.P. For ammonia 

HYDROCHLORIC ACID, 

IODINE, Reaublimed, Crystals, A.C.S. 

LACTIC ACID, 85%, Neagent 

LEAD ACETATE, Crystals, A.C.S, 

LEAD NITRITE, Cryatala, A.C.S, 

LITHIUM CARBONATE, Powder, Reagent 

LITHIUM SULFATE, Granular, nt 

MAGNESIUM, Metal, Powder, Calibration 
Standard 

MANGANOUS CHLORIDE, Crystals, Re- 


nt 
ENCURY, Rediatilled, A.C.S. 
METAPHOSPHORIC ACID, Glacial, Pel- 


lota, Reagent 
400 NITHIC ACID, Fuming, A.C. 
A complele catalog of Baker ¢ Adamson Reagents will be sent free upon request. 


1 Lb. 


BAKER & ADAMSON 
Chimicale- 
SETTING THE PACE IN CHEMICAL PURITY SINCE 1882 


Baker & Adamson Laboratory Reagents plus 
Fister’s “‘Manual of Standardized Proced- 
ures’ assure the chemist of the ultimate in 
results in spectrophotometric chemistry. 


4719 


109 


A npecially selected list of Baker & Adamson Keagents for use with the methods outlined in the “Manual of 
Standardized Procedures for Spectrophotometric Chemistry” by Harold J. Fister, as recommended by the author, 
*/4 Ub. 


OXALIC ACID, Crystals, jal for Stand- 
ardizing, Calibration Standard 
PETROLEUM ETHER, B.R. 20-40°, Special 
PETROLEUM ETHER, B.R. 30-60°, for 
cholesterol A.C.S. 
PHENOL, (Acid Carbolic), Loose Crystals 
feagent, Calibration Standard 
PHOSPHORIC ACID, 85% A.C.S. 
PHOSPHOROUS ACID, Crystals, Reagent 
POTASSIUM BROMIDE, Crystals, A.C.S. 
Calibration Standard 
POTASSIUM CARBONATE, Powder, A.C.S. 
POTASSIUM CYANIDE, Granular, Reagent 
POTASSIUM FERRICYANIDE, Crystals, 


Vy UM FERROCYANIDE, Crystals, 


POTASSIUM HYDROXIDE, PELLETS, 
vial Low-Carbonate, A.C.S. 

POTASSIUM PERMANGANATE, Crystals, 
A.C.8. Calibration Standard 

POTASSIUM PERSULFATE, Crystals, Re- 

ent 

POTASSIUM PHOSPHATE, Tribasic, Crys- 
tals, Reagent 

POTASSIUM SULFATE, stals, A.C.S. 

POTASSIUM THIOCYANATE, Crystals, 
Reagent, Calibration Standard 

PYRIDINE, Reagent 

SODIUM, METAL, A.C.S. 

SODIUM ACETATE, Crystals, A.C.S. 

SODIUM & ARSENATE, Crystals, Re t 

SODIUM BICARBONATE, Powder, A.C.S. 

SODIUM BORATE, Tetra, Crystals, A.C.S. 

SODIUM BROMIDE, Granular, Reagent, 
Calibration Standard 

SODIUM CARBONATE, Anhydrous, A.C.S. 

SODIUM CITRATE, Crystals, R nt 

SODIUM FLUORIDE, Powder, A.C.S. 

SODIUM HYDROXIDE, Pellets, Low-Car- 


bonate Reagent, Special, A.C.S. 
SODIUM NITROPRUSSIDE, Crystals, A.C.S. 


tals, A.C.S. 
SODIUM PYROPHOSPHATE, Crystals, 


SODIUM SILICATE, Crystals, R t 

SODIUM SULFATE, Anhydrous, A.C.S. 

SODIUM SULFATE, Anhydrous, Reagent, 
Special A.C.S. For proteins 

SODIUM SULFITE, Anhydrous, A.C.S. 
For 

SODIUM SULFITE, Crystals, Reagent 
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ALS 1.65 
162 555 
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‘6 2.00 
420 96 2.52 485 
424 486 
AS ‘14 
425 58 
155 91 190 491 
480 
1,08 103 
1.33 
AM 93 2.53 304 
100 85 266 
2217 159 
4377159 
62 1.39 508 
457 72 170 519 
205 1.07 168 The. 
400 86 «518 hese 
152 110 182 Cork 
M1 151 4.31 505 10% 
N72 1.50 
409 60 132 503 Cork 
470 99 2.61 Price 
467 1,10 $3.10 
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SHIELDS STEAM PRESSURE AUTOCLAVES 


WITH COLD HANDLE 


No longer is it oosauey to struggle with clamps or locking devices on the door. 
The new COLD HANDLE Sterilizer is a marked improvement over former types. 
As the door opens to the left it acts as a protection from the escaping steam. 


FEATURES 
© The door is opened or closed by the new type COLD HANDLE which does not burn your 


hand. 
© All sterilizers have mone! metal lining. 


© No danger of improper temperature control because the thermometer is set in the lowest and 
coldest part of the sterilizing chamber. 


© An oversize safety valve which can be set to evacuate the steam chamber quickly. 
@ A lower and middle shelf supplied. 
® Made to ASME Boiler Code. 


Table model electric sterilizers can be supplied in any of the sizes listed below at the same prices. 
Automatic controls for time, water supply, steam, gas and temperature can be supplied on special 
order for any Shields autoclave. 


Gas or Steam Electric 

Polished Monel Polished Monel 

Diam. | Length} Door Copper Metal Watts Copper Metal 
47" 29" 10” | $ 506.00 | $ 576.00 1980 $ 589.00 | $ 633.00 
ot" 26” 12” 589.00 671.00 2640 671.00 749.00 
93” 32” 14” 726.00 880.00 3520 787.00 963.00 
26” 32” 16” 1038.00 1418.00 5280 1129.00 1529.00 
28” | 36” | 18” 1460.00 | 1630.00 | 7000 | 1667.00 | 1859.00 


M & W PRECISION 


LABORATORY THERMOMETERS 


Miller & Weber etched stem laboratory thermometers are 
you receive the best. /\merican star backed up by over 35 years of experience in thermometer 


When you order corks from STANDARD 


BS 25 


orks are selected and making. They are uniformly well made. Length, size and 
ped can mK XXX ome our shape of bulbs, rings and diameters of stems al! must conform 
19 ee ‘ee the XXX Grad . We | to rigid specifications. They are easy to read because lines 
d ble rede sand are deeply etched and filled with durable pigment. 
‘od work. er They are all properly annealed in specially constructed equip- 
. rades gered in stock. You always get 2 ment to prevent changes in indications and to keep them 
él the grade and size you order. : strain-free. They are accurate to within the closest limits and 
: os will remain so permanently. Each thermometer is individually . 
& standardized against a National Bureau of Standards Certified 
‘54 No. 4894 American Star Corks, XXX Grade. Regular length. 3] Thermometer. 
MB These corks are especially selected for laboratory and hospital work. i No. 9600 THERMOMETERS, Centigrade, Engraved Stem. 
1.66 seg _ packaged in bags of 100. Also available in bags of 500 at ij Made of seasoned normal glass. 
—— Range, °C —10to +110 —10to +150 —5 to +200 
4.9 4l Length, ins. 12 12 14 ° 
Cork Size O= tae Qe B= 42-2 $= 6= F ir Each 1.00 1.10 1.20 
Priceper100 24 24 25 .36 40 42 .60 iL 
[ 
Cork Size 8- 9- 10- 11- 19- 13- 14-15 EB 
per100 .75 .96 1.08 1.36 1.60 1.84 2.20 2.40 
Less 10% in lots of 12 of one size 


Price per 100 3.06 3.42 3.74 4.14 4.28 5.52 620 7.38 t ermometers carried in stock.) 
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qvality-control systems in existence. 


SCIENTISTS. 


The Last Word in Purity 


THE SAME HIGH STANDARD FOR EVERY BATCH 


The unvarying purity of MERCK LABORATORY CHEMICALS is assured by one of the most advanced 
Make these dependable ‘‘precision tools’’ work for you. 


A few Merck Laboratory chemicals for use with Fister's Manual 


YLb. 1 Lb. 

AMMONIUM OXALATE, Crystals, A.C.S. 140 

for calcium ona 1.77 
ARSENIOUS ACID (Arsenic Trioxide) 499 

Powder Primary Standard, Calibration 

Standard 1.01 2.74 169 
ASCORBIC ACID, Powder, U.S.P. 25 gm. .88 145 
BENZIDINE DIHYDROCHLORIDE, Ke- 124 

agent Calibration Standard 1 oz. 1.46 530 
CALCIUM CHLORIDE, Crystals, Neutral w 

(CaCl, 61,0) 52 96 924 
CAPRYLIC ALCOHOL loz. 48 1.46 
DIETHYLBARBITURIC ACID, U.S.P. 07 

Calibration Standard Loz. .66 1.66 394 
GOLD CHLORIDE, Crystals, Reagent 512 

15 gr. sealed tubes 1.56 . 

HYDROGEN PEROXIDE, 30%, “Super- 

oxol” A of 2.50 528 
METHYL ALCOHOL, Absolute, Acetone 

free, A.C.S, 536 
POTASSIUM PHOSPHATE, Monobasic, 

Fine Crystals, Soerensen, A.C.S. for buffers 66 1.50 165 
I-PROLINE, Calibration Standard 5 ym. 1.39 544 


Contains: 

224 METHODS for the 
determination of 
SUBSTANCES in 

115 various biological 
fluids; includes 

11 CALIBRATION 
CURVES and 

6 CHARTS. 

No fewer than 


TESTS oan bo per- 
formed from tho 


339 


loose-leaf PAGES 


in large, clear type on 
papor capocially selected 

to stand constant laboratory 
handling, and bound in a 
handsome, 7-ring, gold- 
ombossed binder 


PRICE $30 per Copy 


Even you uso only a few of these 
many procedures, this manual will 
pay « itself many times over in a 
wey ported. Order your 
FREE D 
TIVE, LITERATURE. 


| 


in olinical 


Al 


STANDARD SCIENTIFIC SUPPLY CORP., 7 


. a book that 


step-by-step 
rforming each deter- 
methods were 

takingly worked out on the Coler 
spectrophotometer, but are adaptable 


SILVER IODATE, for re 
20 8. 


termination of Chloride 


SILVER NITRATE, Crystals, 

Standard Calibration Standard 100 gm. 5 21.55 
SODIUM BENZOATE, Powder, U.S.P. 87 
SODIUM BISULFIT E, Granular, Reagent = 91 
SODIUM CYANIDE, Granular, A.C.S. 6 88 


SODIUM DIETHYLBARBITURATE, 


Powder U.S.P. 1.74 6.66 
SODIUM PHOSPHATE, Dibasic (NazHPO,, 
2H,0) Crystals, A.C.S. For guanidine 52 95 
= M PHOSPHATE, Tribasic, Fine 
Crystals, Reagent .66 1.39 
STARCH, "Soluble, According to Lintner 36 1.07 
STARCH, Soluble, According to Lintner, 
— ial for Diastatic Power Determina- 
tion. For amylase — 1.13 
SULFOSALICYLIC ACID, Crystals, Re- 
6.29 


THIAMINE HYDROCHLORIDE, U.S.P. 
- 5 gm. 1.24 gm. 6.18 
2.17 
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THY MOL, Crystals, Reagent 
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of tremendous value 


recommend | it 


THE MANUAL of 


STANDARDIZED 
PROCEDURES for 
SPECTROPHOTOMETRIC 
CHEMISTRY / 

By HAROLD J. FISTER 


to nearly every instrument marketed 
today, Beckman, Brociner- 
Mass, Klett-Summerson, Leitz, Hel- 
lige, Cenco, Lumetron and Evelyn. 


Includes only the latest and most 
approved clinical methods. . accurate, 
easily applicable, simple. All methods 
were proved under actual working 
conditions by independent authorities. 


Never before has a book like this been 
of ie maneal, printed ee especially for clinical and 

siological technicians . 
will save hundreds of hours and 
hundreds of dollars in preparing most 
procedures for spectrophotometric 
chemistry. 


Outlines, in detail, 
procedure for 
mination. 
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Saunders Texts on Chemical Analysis 


Heisig—Semimicro 
QUALITATIVE ANALYSIS 
1 Lb, Now in a thoroughly revised Second Edition, this highly workable 

— text meets fully the objectives and needs of an elementary course 

ae in qualitative analysis. Part I discusses theory, and Pari II con- 

‘gl siders a systematic analysis of cations and anions. The experimental 

= procedures are exceptional: they are carefully planned, clearly 
6.66 worded, and closely coordinated with the theoretical discussions. 

9% Among numerous other improvements for this edition, specific direc- 
1.39 tions for separating precipitates by centrifuge, as well as by the filter | 
ad tube method, are now included. | 
1B By G. B. Hetsic, Ph.D., Associate Professor of Inorganic Chemistry, University 
a of Minnesota. 356 pages, illustrated. $3.50. Second Edition. | 

n. 6.18 | 
| 


Clark, Nash & Fischer— 
| 


QUANTITATIVE ANALYSIS | 


Representing that arrangement of material which, in the authors’ 
experience, has proven beyond any doubt to be the best approach, this | 
text is a sure-fire teaching instrument. It is a step-by-step treat- 
ment of the subject—a continuously developing and integrating 
R IC structure of theory, procedure, calculations, problems and applica- 
tions. Actual electron photomicrographs graphically illustrate many of 
the properties of crystalline precipitates; the mechanics of adsorp- 
TER tion; and the effects of impurities. 
l By Georce L. Crank, Ph.D., D.Sc., Professor of Chemistry and Head of the 
d Division of Analytical Chemistry, University of Illinois; Lzonarp K. Nasa, 
Ph.D., Assistant Professor of Chemistry, Harvard University; and Rosert B. 
Fiscuer, Ph.D., Assistant Professor of Chemistry, Indiana University. 448 pages, 
illustrated. $4.25. 


W. B. Saunders COMPANY 


West Washington Square Philadelphia 5 
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Are manufactured to meet definite standards of purity . . . 
standards which have been set up to insure products suit- 
able for research and analytical use. These standards are 
based upon the publications of the Committee on Analytical 
Reagents of the American Chemical Society and our own 
experience of over thirty years in the manufacture of fine 


chemicals. 


C & B Products are Distributed by Laboratory and Physician 
Supply Houses throughout the World. 


Write for Copy of our Catalog 


THE COLEMAN & BELL CO., Inc. 
Manufacturing Chemists: NORWOOD, OHIO, U.S.A. 
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HAVE YOU SEEN MALLINCKRODT’S NEW 


OUTLINE OF THE 


CHEMISTRY 


This three-foot square flow-sheet in eight colors traces the complex history of 
chemistry from pre-Christian origins to the important developments of the 
present day. Mr. Henry M. Leicester, Chairman of the Division of the History of 
Chemistry, American Chemical Society, writes: ‘I believe this chart will find a 
ready welcome almost everywhere. It is certain to be used in all colleges, univer- 
sities, and probably also high schools, and | suspect it will be found on the walls 
of many industrial laboratories. Many individual chemists will also post it in their 
studies or private laboratories.” 


You, too, should have a copy. 


MALLINCKRODT CHEMICAL WORKS, DEPT, 361 

Mallinckrodt Street, ST. LOUIS 7, MISSOURI 

Gentlemen: Please send me a copy of your new Outline 
of the History of Chemistry. 


MANUFACTURERS SINCE 1867 OF FINE CHEMICALS Name. 
FOR MEDICINAL, PHOTOGRAPHIC, ANALYTICAL fan 
AND INDUSTRIAL PURPOSES Positi 
FREE COPY 
Street. 
City, Zone. 


MALLINCKRODT CHEMICAL WORKS « ST. LOUIS « NEW YORK 
Chicago Cincinnati * Cleveland « Los Angeles* Philadelphia * San Francisco * Montreal Toronto | 
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POLAROGRAPHIC METHOD 


OF ANALYSIS 


By OTTO H. MULLER, Associate Professor of 
Physiology, State University of New York Medical Center 


at Syracuse, Syracuse, N. Y. 


2nd Edition 
Completely Revised and Augmented 


“During the last twenty-five years the polar- 
ographic method of analysis has grown into 
one of the foremost methods of instrumental 
analysis. Up to about ten years ago the 
development of the electrochemical method 
had been done almost exclusively by its in- 
ventor, Professor Jaroslav Heyrovsk¥ of the 
Charles’ University, Prague, and his co- 
workers. 

“Because of the absence of easily available 
directions for learning the fundamentals of 
polarography, I set out early in 1941 to pub- 
lish a series of five articles on the subject 
in the JOURNAL OF CHEMICAL EDU- 
CATION. These were eventually bound 
together and constituted the first edition of 
this book. As stated there, my purpose was 
‘to present a simple account of polarography 
in a form which can be used by teachers and 
students of physical chemistry as well as in 
advanced courses of analytical chemistry.’ 
The purpose of this second edition is essen- 
tially the same, but recent developments 
have made it desirable to revise and aug- 
ment the contents. Whereas formerly only 
handdrawn curves were discussed, in the 
present edition a treatment of automatically 
drawn curves is included, since a variety of 
apparatus for this purpose is now readily 
available in this country. 

“In Chapter I, a review of electro-analytical 
me is given to bring out the fact that 
Professor Heyrovsky¥ has developed a method 


209 pp. 


which is distinct from others in its prin- 
ciples. The essential apparatus is described 
in Chapter II. In the fundamentals of 
quantitative analysis presented in Chapter 
III, sections on the kinetic and catalytic 
currents have been added. Reactions in 
poorly buffered solutions have received 
more emphasis in Chapter IV on the funda- 
mentals of qualitative analysis. Polarometry 
has been treated separately in Chapter V, 
and a brief description of some recent de- 
velopments such as differential, derivative, 
and oscillographic polarography has been 
included as Chapter VI. The applications 
are now discussed in Chapter VII, which 
has been enlarged considerably. Finally, 
Chapter VIII on suggestions for practical 
polarography has been added in which special 
attention was given to the characterization 
and selection of capillaries for the dropping 
mercury electrode. - 

“As before, directions are given for typical 
experiments which serve to illustrate the 
points discussed. They can all be carried 
out with equipment so simple that it will 
undoubtedly be available in commercial 
research laboratories or modern student 
laboratories of physical and analytical 
chemistry. 

“In order to increase the usefulness of the 
book, Dr. Samuel R. Scholes, Jr. of Alfred 
University has prepared an Index which has 
been incorporated in the book.” 


from the Preface 


$3.50 


Order your copy from 


CHEMICAL EDUCATION PUBLISHING CO. 


EASTON, 


PENNSYLVANIA 
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MODEL III PO LAROG RAPH) 


Trademark Reg. U.S. Pat. Off. 


MANUAL 


E. H. Sargent & Co., the manu- 


The Model III is recommended: 

(1) In those routine analyses where only one substance 
is determined and where the step shape approximates 
a pure form, characteristic of reversible reactions in- 
volving simple ions in fairly substantial concentrations. 
In such cases, step height may be measured as the differ- 
ence between two points, one on the residual current 
plateau and one on the diffusion current plateau. For 
measurements of this type, a simple manual instrument 
such as the Model III is preferable to a recording Polar- 
ograph because of the speed and ease with which it may 
be operated even by relatively non-technical personnel. 
(2) In those laboratories where a recording instrument is 
now in use for several determinations, a Model III may 
be used for each determination, thus releasing the record- 
ing Polarograph for research purposes and for establish- 
ing the conditions of the routine analyses. 

(3) In the performance of amperometric titrations. 

(4) For instructional purposes in educational institutions 
where the 315 mm. long, readily visible scale and the sim- 
plicity of design make the Model III Polarograph ideal 
for demonstrations and illustration of the basic circuit 
employed in Polarographs. 

Essentially the Model III provides facilities for the 
incremental application of voltage across the dropping 
mercury electrode cell and for indicating the resultant 
current passing through the cell. The cell current is 
measured by a highly sensitive galvanometer from which 
a line light image is transmitted, through a mirror system, 
to a translucent scale located above the instrument panel. 
The scale is double graduated from —150 to +150 mm. 


SARGENT 


facturer of Polarographs, offers 
three different Polarographs— 
the Model XXI Visible Chart 
Recording; the Model XII 
Photographic Recording, and 
the Model III Manual. 

The Model III Polarograph 
may be used in any phase of 
polarography, but it is partic- 
ularly recommended for appli- 
cations to which it is peculiarly 
suited and in which recording 
facilities are unnecessary. 


with zero center in red at top and from zero to +300 mm. 
in black at the bottom. The scale is 31.5 cm. long, with 
circular curvature, to eliminate tangent error. Each 
graduation is extended 15 mm. at left for zero adjustment. 
A continuous selection of bridge voltage from 0 to 3 volts 
is provided, and the selection of output voltage is by 
rotation of a single dial, this dial reading direct in 
millivolts per span volt. Current is calculated simply by 
multiplying scale reading by multiplier reading by sensi- 
tivity coefficient of galvanometer. To adjust galvanometer 
sensitivity a ten position Ayrton galvanometer shunt is 
provided. Galvanometer sensitivity is approximately 
0.005 microamperes/mm. and galvanometer shunt ratios 
are from 1:1 to 1000:1. A three position toggle switch 
permits that the sense of the galvanometer scale remain 
unchanged regardless of cell current direction or polarity 
of the dropping electrode. 

A ten turn helical potentiometer serves both for upscale 
and downscale compensation and for adjustment of the 
gaivanometer zero position. 

Another potentiometer incorporating a power switch 
serves to select the desired voltage across the bridge. A 
panel mounted voltmeter accurate to 1.0% of full scale 
indicates the voltage established. 

The instrument is mounted on a cast aluminum base 
and enclosed in a sheet metal housing provided with a 
hinged top and finished in black enamel. All controls are 
mounted on a polished aluminum panel. 
$-29290 POLAROGRAPH—Manual, Indicating, Model 
III, Sargent. Complete with three No. S-30858 dry cells, 
one No. S-29304-A galvanometer lamp, one set No. P.N. 
1995 cell lead_wires, one No. P.N. 2067 calibrating 
resistor plug, 250,000 ohm, and cord and plug for con- 
nection to standard outlets. For operation from 115 volt 
50 or 60 cycle circuits $390.00 


SCIENTIFIC LABORATORY INSTRUMENTS + APPARATUS - CHEMICALS 
E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICHIGAN 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 9, TEXAS 
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Only Christian Becker Balances are designed 
with column mounted to base casting—not 
to glass base plate. Always perpendicular} 
Never out of line! Accuracy is permanent! 


“HERE’S WHY IT OBSOLETES 


EVERY BALANCE IT’S FAST! The new Christian Becker Analytical Balance is 
easily the fastest-to-use balance of its type you’ve ever seen! 


IN ITS CLASS!” That means the lab can convince management of the need for 


replacing your outmoded model! 


MORE RELIABLE! The new Christian Becker Analytical 
Balance is the most reliable balance you ever used! So you 
can justifiably tell management it is a sound investment! 


STAYS MUCH CLEANER! The new Christian Becker Ana- 
lytical Balance is easier to keep clean than any you've ever 
worked with! You'll appreciate the time and work saved! 


The new Christian Becker Analytical Balance is all NEW! 
The first true advance in 50 years! New design! New metals! 


New principles of construction! Ask your Laboratory Supply 
House Salesman to explain. Or, write for further details. 
e 


Division of THE TORSION BALANCE COMPAN 


MAIN OFFICE AND FACTORY: CLIFTON, NEW JERSEY « SALES OFFICES: CHICAGO « DALLAS «+ SAN FRANCIS( 
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Now EVERY laboratory can use 
modern spectrophotometric methods 


THE BECKMAN MODEL “B” 


accuracy... speed . . . semplicity 
AT A NEW LOW PRICE 


Spectrophotometric measure- 
ments—based on analysis of liquid, 
solid or gaseous samples by light ab- 
sorption—have become one of the 
most important methods of today’s 

process control operations. Complicated analyses requiring hours to per- 
form by standard chemical procedures are now completed in a matter 
of minutes using modern spectrophotometric methods. 


Up to the present, quality instruments have been beyond the reach 
of many laboratories. Now, however, the development of the new 
Beckman Model “B” Spectrophotometer makes available for the first 
time a precision instrument—convenient and simple to operate—yet 
versatile, accurate and low-priced. 

The Model “B” combines many of the advancements pioneered in 
the famous Beckman Quartz and Infrared Spectrophotometers ... high 
resolution ... wavelength and photometric accuracy ...freedom from 
stray light ... wide spectral range ... quality construction. 


It features direct reading absorbance and transmittance scales... 
complete elimination of stray light from 360 to 1000 millimicrons—less 
than 1%% even at 320 millimicrons ...interchangeable phototubes for 
wider wavelength range... inexpensive 
sample cells ...4-position cell carriage 
for faster readings...and many other 
important features. 

The Model “B” is by all standards 
the outstanding instrument in its 
field. Write for full details. Beckman 
Instruments, National Technical 
Laboratories, South Pasadena, 

36, Calif. 


BECKMAN INSTRUMENTS 
contro! modern industries 


* Beckman Instruments include: pH Meters and Electrodes 
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Analytical Methods 
Demand Classroom Attention 


Because spectrophotometric methods are fre- 
quently faster, simpler and more accurate, they 
are bein increasingly adopted by all types of 
industria\ and research laboratories. In a leading 

tion over 30% of all 1948 edi- 
torial matter dealt with modern spectrophoto- 
metric methods ...a s indication of the 
vital importance of these methods in today’s 
chemical field. 

Leading colleges and universities, recognizi 
the importance of stressing new instrumenta 
analytical methods, are including laboratory work 
with spectrophotometers in basic quantitative 
analysis courses. These methods also permit better 
and faster study of many physical chemistry prin- 
ciples and problems, such as photochemistry, equil- 
ibrium constants and reaction rates, thus allowing 
increased time for these and other subjects. 

In instruments for student use, quality is of 
paramount importance to insure a true apprecia- 
tion for the usefulness and oe, ,of the 
methods studied. The Beckman “Model BY” Spec- 
trophotometer is ideal for student work because 
it is a quality instrument throughout—aoaccurate, 
versatile, rugged—yet priced within even the most 
modest budget. Moreover, its simplicity of opera- 
tion, its direct-reading scales, its full range from 
ultraviolet to near infrare il make this instru- 
ment unsurpassed for educational work. And the 
wide range of accessories further facilitate ade- 
quate student instruction in the many phases of 
spectrophotometric applications. 

The “Model B” is built throughout to the same 
rigid standards that have made Beckman Instru- 
ments world-famous for outstanding age In 
fact, its accuracy is so high it can be used in 
many research a mg freeing for more criti- 
cal work the Beckman “DU” Spectrophotometers 
now widely used in all modern educational plants. 

See your Beckman dealer for further details 
on the p many ways the “Model B” can assist your 

Prog or write direct. 


Spectrophotometers —Radioactivity Meters —Special Instruments 
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When you’re looking for the right potentiometer to do 
a specific job, it will pay you to check the complete 
L&N line first. Whether you need the extreme precision 
of an N.B.S.-certified Wenner, the convenience of a 
Micromax or Speedomax recorder, or an intermediate 
instrument, you’ll find the characteristics you want in a 
soundly engineered L&N potentiometer. 

More than a score of models comprise the line. Just 
glance at the table below. There’s a potentiometer for 
practically any purpose—measurement of low voltages, 


temperature vs. temperature-difference, calorimetry, pH 
and other emf cell work . . . self-contained portables for 
temperature and pyrometer checking . . . and the popular, 
general-purpose Type K’s. Models run from highest to 
moderate precision. They come in convenient single, 
double, even triple ranges... to suit the job at hand. 

Naturally, we can’t begin to tell you all you want 
to know in so short a table. So for complete details, let 
us send you catalog information. Simply write our nearest 
office, or 4976 Stenton Ave., Phila. 44, Pa. 


CAT LIMIT OF ERROR}{ 
MODEL NO PURPOSE RANGE 
. 01% | .02% to .1 % vange 
Wenner 7559 thermocouple ; other low voltages x Oto 0.011111 
(N.B.S.-certified) | 7558 maintain primary standards x 0 to 0.19111 v; Oto 1.9111 v 
7620 thermocouple voltages ; calorimetry x 0to 0.01 v 
(Single) 
wes 7621 thermocouple voltages; calorimetry x Oto0.1v 
ite 
7622 temp ; temp-difference ; x Oto 0.01 v 
(Double); 
| 7623 temp-current; etc. x Oto0.1Vv 
Type K-1 7551 general x 0 to 0.161 v; Oto 1.61 v 
Type K-2 7552 general x 0 to 0.0161 v;0 to 0. 161 v; v; 0to to 1.61 v | v 
Students’ 7651 general x Oto 0.016 v; 0 to 1.6 v 
Indicator * 1 7655 pH, emf’s x Oto 1.110v 
* | 7659 corrosion testing x triple; 0 to 4.1 v total 
Millivolt * | 8667 pyrometer check (lab.) ; temp. x Oto 111 mv 
Indicator * | 8656 B,D,X] pyrometer check (plant) ; ; temp. x Oto 16 mv; Oto 70 mv; or as 1s Spec. 
* 1 8657 pyrometer check (plant); temp. x Oto 16 mv & 16 to 64 mv; or as spec. | 
* | 8662 pyrom. check (lab. & plant) ; temp. x 0 to 16.1 mv; 0 to 80.5 mv 
* | 8658 pyrom. check (lab. & plant) ; temp. x single; direct-reading temp. 
Temperature * 1 8659 pyrom. check (lab. & plant) ; temp. x double; direct-reading temp. 
Indicator * 1] 8663-CD | body temps. x 25 to 125F ;—3.9 to +51.7C 
* | 8663-X temp. check (lab. or plant) a x single or double, as spec. 
Panel Indicator * | 8671-76 temp. meas. x single or double, as spec. 
pH Indicator * | 7663-Al pH; emf cell potentials x Oto 13 pH; 0 to 1.100 v 
Brooks 7630 ammeter, voltmeter, wattmeter test. x Oto 153 mv used with volt boxes 
(Deflection) 7640 lamp efficiency test. x Oto 1.53 v and shunts 
Micromax automatic indicating, recording, 
Speedomax * controlling: voltage, temp., pH, etc. x as spec. 
*Self-contained {Under normal operating conditions, except when using lowest part of ranges. 
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EEDS & NORTHRUP CO. 
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U. S. Weather Bureau Type 


This barometer is of the standard mercury well, or Fortin, type, 
which is the type used in the United States Weather Bureau, and 
other laboratories for observations of the highest. accuracy. It consists 
of a 6-mm heavy-walled glass tube, vacuum-filled with mercury, placed 
open end down in a cistern of mercury. The.tube and cistern are 
supported and protected by a brass tube in which two long slits have 
been cut near the upper end so as to show the.top of the mercury 
column within the lower and upper limits of the scale (61 to 81.3 cm). 
Fastened to the shell alongside the slits are metric and English scales 
with vernier plates, which are operated up and down by a rack and 
pinion. The metric reads to .05 mm while the inch vernier reads to 
.002 inch. 


The portion of the casing opposite the cistern has a larger dia- 
meter than the upper part and has also a glass. window at the mercury 
level, so that a setting of the mercury surface may be made by a thumb 
screw pushing against the flexible bottom of the cistern, thus raising 
or lowering the mercury in the cistern until it just touches the ivory 
point, which is the zero of the scale. This zero point is permanently 
fixed to the ceiling of the cistern casing and has, of course, been ac- 
curately located so as to fit the interval between 0 and the first gradua- 
tion on the scale mounted on the upper casing, that is, at 61 cm. The 
ranges of the scales (61 to 81.3 cm and 24 to 32.7 inches) make the 
barometer available for elevations of approximately 6000 ft. and for 
points approximately 1500 ft. below sea level. 


The scales are made of non-tarnishable 18 percent nickel silver, 
polished and formed to the shell. The graduations are engine divided. 


A double-scale thermometer is mounted in the casing so that the 
temperature of the barometer column may at all times be known. All 
metal parts of the barometer are black-nickel finish. A mounting 
board is available under No. 1220 as described below. 


WOOD BACK ONLY, For Holding 
Barometer No. 1218. Consists of a wood 
board to which is attached a brass bracket 
to receive the ring in the top of the 


Complete as 
described with 


barometer, a ring with steadying screws to -fi 
clamp about the cistern, and milk-glass filled 
reflectors, forming an opaque background tube - without 
for reading the instrument. Essential as a wood back 
permanent mounting for the barometer. ’ 


No. 1220. Each, $15.00 Each 


$99.50 


Order Today - prompt shipment guaranteed. 
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As ruis is written, the national state of emergency has 
just been announced. Inevitably, many things have 
changed within the last few weeks. Some of these 
changes have modified the educational scene. Slowly 
the country is coming to realize that we are “in for it,” 
and while the expressions resulting from this conviction 
are sometimes tinged with panic they are at least 
realistic. 

We are reluctantly admitting that we can no longer 
keep on with business-as-usual; it is becoming clear 
that education-as-usual is also a luxury we cannot 
afford. Yesterday we were worried lest war lead us to 


intellectual bankruptcy. Yet the metaphor has this 


aspect: Bankruptcy can be a beneficent process, 
enabling one to survive his misfortune. The war which 
looms on the horizon can have even more disastrous con- 
sequences. 

President Conant’s proposal that every 18-year-old 
young man, without exception, be drafted into military 
service—a proposal closely echoed by the Association 
of American Universities—has left most of us gasping. 
But it may be that something nearly as drastic as this is 
inevitable. We are in no need of loopholes to escape 
service; we will, all of us, have to find our places in the 
organization, and in present-day wars there is no spot 
which is not virtually on the battlefield. 

The real principle which we must maintain, however, 
is the original intention of Selective Service. Our 
theory of taxation is: from each according to his abil- 
ity. Service to the country is only a special form of 
taxation; no one should escape it who is able to “‘pay,”’ 


and his payment should be determined by his qualifica- 
tions to serve. 

There are strategic as well as tactical considerations 
and this national emergency may last a long time. 
Our 18-year-olds may very well be 40 when this is over, 
and if we do not do something to conserve and utilize 
their best skills during this period it can be more dis- 
astrous than failure to stock-pile strategic minerals. 

In no previous war has a really intelligent job been 
done of making efficient use of the human raw material 
which presents itself for military service. Selective 
Service boards, by inclination or orders, have too fre- 
quently felt that there was no better place for every 
young man than the “shooting army.” Once in the 
ranks, recruits have too often been distributed and 
assigned without regard to their outstanding and valu- 
able abilities. The general impression is that this 
situation is the inevitable and inherent result of the sys- 
tem of organization; I think it is due to our failure to 
give intelligent consideration to the problem. Perhaps 
the first step would be to set up competent civilian con- 
trol at the proper stage instead of leaving everything to 
the military, at least distracted, if not prejudiced. 

What I am getting at is that some way should be 
found to save and put to use the really brilliant brain 
power which certainly does exist in this heterogeneous 
mass of man power we propose to draft early. It can be 
identified and weeded out if we will go to the trouble, 
and the next war will be won by brain power—f at all. 

Dare we admit that this is beyond the ability of our 
democratic ideals? 
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Symposium on the Teaching of Nuclear Chemistry* 


War and postwar research and development in the 
nuclear sciences created many new and important re- 
search techniques applicable to large areas of work. 
At the same time, security requirements seriously inter- 
fered with the normal spread of these techniques to 
interested laboratories. Thus the need arose for short, 
concentrated courses aimed at the mature research 
worker already trained in his given field. The Special 
Training Division of the Oak Ridge Institute of Nuclear 
Studies was set up to meet this need. 

The most pressing demand for training was in the 
field of radioisotopes. Here was a research tool of 


* Presented at the 116th Meeting of the American Chemical 
Society, Atlantic City, New Jersey, September, 1949. 
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COURSES IN RADIOISOTOPES AT THE OAK 
RIDGE INSTITUTE OF NUCLEAR STUDIES 


R. T. OVERMAN 
Oak Ridge Institute of Nuclear Studies, Oak Ridge, 


Tennessee 


major importance, applicable to very large areas of 
both fundamental and applied research. By June, 
1948, the Atomic Energy Commission was able to meet 
all legitimate requests for radioisotopes. The mush- 
rooming radiation-instrument manufacturers were turn- 
ing out counters and other equipment with great speed. 
Yet there were relatively few research scientists who 
knew how to apply radioisotopes to their work with 
safety and efficiency. 

Through a series of seventeen courses, the Special 
Training Division has given the training to more than 
550 scientists in this country and a few foreign coun- 
tries. These radioisotope training courses presented 
some unusual problems. An important one was the 
great diversity of background of participants, both 
in education and experience. 
They covered fields from 
agriculture to zoology. Ed- 
ucationally, a major portion 
of the participants held doc- 
toral degrees in the sciences 
or in medicine; some held 
both M.D. and Ph.D. de- 
grees, while a few had only 
a bachelor’s degree, but 
were group leaders in their 
institutions. 

Another problem was the 
fact that participants varied 
widely in the ways they. 
planned to use radioisotopes 
and in the problems they 
had under study. 

To meet these and re- 
lated problems, the courses 
were built on the following 
basic premises: 

(1) The work in the 
course should be predomi- 
nantly laboratory exper- 
ience with a minimum of 
lecture material. 

(2) Background material 
in the development of con- 
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cepts should be presented by one lecturer in order to 
obtain continuity and completeness. 

(3) The discussion of techniques and theory of the 
techniques should be integrated into the laboratory 
sessions and should be taught primarily by personal 
supervision of an instructor. 

(4) There should be a maximum of two persons to a 
working group to insure active participation by all in 
both the laboratory techniques and in measurement 
experiments. 

(5) There should be adequate discussion periods 
centered around the problems common to the whole 


class. 

(6) There should be a well-equipped library and 
adequate time available for study to supplement the 
lecture work of the participants. 

(7) There should be ample time for consultation 
between the participant and his instructors. 

(8) The experiments should be as simple as possible 
so that the radioactivity techniques will be predomi- 
nant. In general, only a year or so of college chemistry 
should be necessary as a common denominator for all 
experiments. 

(9) The techniques selected for instructional purposes 
should be general ones which are required by all partic- 
ipants, regardless of the field in which the radioisotopes 
are to be used. 

By applying these principles, an apparently hetero- 
geneous group of individuals had a group of homogene- 
ous problems to solve and techniques to learn. 

Classes were limited to 32 participants, who worked in 
two laboratories in groups of two for a morning or after- 
noon session. While laboratory periods were scheduled 
only for four hours, the experiments frequently took six 
or more hours by the time the counting work was 
finished. Laboratory was held on Mondays, Wednes- 
days, and Fridays, with half the group meeting in the 
morning and the other half in the afternoon. 

The experiments performed were divided into three 
groups as follows: 

(1) The use of measuring instruments and the char- 
acterization of radioisotopes. 

(2) The purifications and separations that are neces- 
sary to make the isotopes ready for use in a given experi- 
ment and to bring the radioactive material into a suit- 
able form for activity measurement at the close of the 
experiment. 

(3) Typical applications of radioactive tracers such 
as studying the distribution of phosphorus in an animal, 
use of tracers in kinetics, activation experiments, 
experiments with Carbon 14, preparation of autoradio- 
graphs, and the isotope dilution method of analysis. 

Each course was set up so that the individual partic- 
ipant would be active in 24 hours of special-topic 
Seminars directed by specialists in various fields, 16 
hours of nuclear science background lectures, and 48 
hours of laboratory and experimental work. Ample 
time was allowed for library research work and for 
consultation with the staff scientists. No examinations, 
as such, were given in these courses, but each partici- 


pant had to have an adequate grasp of the field before he 
satisfactorily completed the course. 

The present technical staff is composed of Dr. 
Ralph T. Overman, chemist and divisional chairman, 
Dr. Elizabeth Rona, radiochemist, Dr. Rex G. Fluharty, 
physicist, and Mr. Ralph Firminhac, chemist and instru- 
ment designer. 

A survey has been made of the fields to which the 
participants are applying their knowledge and shows 
how broadly all the fields of science have been covered. 
The use of radioisotopes in research and in medical 
treatment is spreading steadily, and among the leaders 
are those who have attended our basic courses in radio- 
isotope techniques. Although the exact field of appli- 


A Radiochemical Laboratory 


cation of basic course work is hard to determine for 
some of our participants, a table of percentages has been 
worked up which is as nearly correct as possible: 


Medical Research................ 19.5% 
6.1% 


When the first announcement of radioisotope courses 
was made in April, 1948, a number of scientists from 
other nations made urgent requests to attend the course. 
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Many were individuals who were extremely anxious to 
use radioisotopes in their own research; others were 
persons who represented their governments in the dis- 
tribution of radiosiotopes obtained from the United 
States. 

It was not until December, 1948, that the necessary 
groundwork for admitting foreign scientists could be 
completed. The Atomic Energy Commission and the 
State Department had to approve all foreign applica- 
tions before foreign scientists could be admitted as 
participants. 

Foreign scientists are accepted for training only when 
their attendance does not deprive qualified United 
States scientists of the opportunity to take the courses. 

An advanced course in instrumentation has been 
added as the first of an intended series of follow-up 
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courses to the basic techniques sessions. Other ad- 
vanced courses will be in medical uses of radioisotopes 
and in autoradiography. 

The instrumentation course was attended by 3§ 
participants. No laboratory work was included, but 
the time was given to special lectures and discussion 
periods. During the two weeks that the advanced 
course lasted, each day was devoted to one topic, such 
as Geiger counters, scintillation counters, etc. Spe- 
cialists on each subject were presented to give the formal 
lectures of the morning sessions and to lead the general 
discussion periods of the afternoon sessions. 

Similar plans are being made for the future advanced 
courses in chemistry, as well as for medicine, biochem- 
istry, autoradiography, and other fields to which radio- 
chemistry is being applied. 


A SEQUENCE of two! courses in nuclear chemistry is 
offered at Rensselaer Polytechnic Institute. The first 
course consists of one term of lectures, fifteen weeks in 
duration, while the second consists of one term of labora- 
tory work with supporting lectures. The courses are 
offered by the Department of Chemistry as electives 
for graduate students in any department. One year of 
elementary physical chemistry is prerequisite, however. 
Qualified seniors may elect the courses. Students must 
complete the one-term lecture course or a course in 
nuclear physics before electing the laboratory course. 
The majority of the students take both courses. Dur- 
ing one academic year, for example, fourteen students 
enrolled for the lecture course and eleven for the labora- 
tory course. 


NUCLEAR CHEMISTRY LECTURE COURSE 


There are three lectures (fifty minutes each) per week. 
Both the syllabus and time alloted to each topic vary 


1 Since the presentation of this paper, a third course, Intro- 
duction to Nuclear Science and Engineering, has been added to 
the list of courses offered by the Department of Chemistry. 
Although related to the courses under consideration, this lecture 
course is not in sequence with them. 


NUCLEAR CHEMISTRY AT RENSSELAER 
POLYTECHNIC INSTITUTE 


HERBERT M. CLARK 
Rensselaer Polytechnic Institute, Troy, New York 


somewhat each time the course is given. Two factors 
which affect these variations are: (1) the publication of 
textbooks in nuclear physics and chemistry in which 
reading and problem assignments can be made, and (2) 
an increasing tendency for undergraduates to learn 
more of the background material through outside read- 
ing and by electing new courses in other departments. 

Homework problems are assigned and a term report is 
required shortly before the end of the term. The report 
may be a review of some topic related to the student’s 
major field or it may be a discussion of a recent technical 
paper dealing with any of the topics covered in the 
course. A report of the first type might deal with the 
applications of radioactive tracers to analytical chem- 
istry, for example. In any case, the student is encour- 
aged to read the literature and to become familiar with 
the work which is being reported currently, where the 
work is being done, and by whom. 

Two or three quizzes and a final examination are 
given. The final examination is the “open-book’”’ type 
with the questions designed to encourage the student 
to apply what he has learned to the solution of problems 
which are typical of those which might arise in research 
involving radioactive materials. 
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The following is an outline of the topics covered in the 
jectures. 


I. Historical review of the developments of atomic and nuclear 
theory 


Il. Nuclear theory 

Properties of nucleons 

Nuclear binding energy 

Nuclear forces 

Energy levels in nuclei 

Stability rules 

Attainment of stability by means of the various 
radioactive decay processes 


Il. and radiation physics 
A. Alpha particles 
1. Interaction with matter 
2. Range-energy determination 
3. Alpha particle spectra 
4. Decay schemes for alpha emitters 
B. Beta particles 
1. Interaction with matter 
2. Range-energy determination 
3. Beta particle spectra 
4. Fermi theory 
5. Decay schemes for beta emitters 
C. Gamma rays 
1. Interaction with matter 
2. Determination of energy 
3. Conversion 
D. X-rays 
1. Interaction with matter 
2. Determination of energy 
E. Positrons 
1. Interaction with matter 
2. Determination of energy 
3. Decay schemes for positron emitters 
4. Competition from K-capture 
F. Neutrons 
1. Interaction with matter 
2. Determination of energy 


IV. Detection of nuclear radiation 
A. Types of detection equipment 
1. Principle of operation 
2. Applications 
Geiger-Miiller tubes 
1. Types 
2. Characteristics 
Scaling circuits 
Rate meters 
Calibration of counting equipment 
Absolute beta-ray counting 


V. Errors in radioactivity measurements 
A. Review of distribution laws 
B. Radioactive decay as a random process 
C. Calculation of the standard deviation in counting 
data due to the radioactive process alone 
D. Calculation of total errors in counting data 


VI. — for decay and growth of radioactive substances 

! Single radionuclide 

1. Disintegration constant 

2. Half-life 

3. Average life 

4. Units of radioactivity 

Two or more independent radionuclides 

Genetically related radionuclides 

1. General equations 

2. Secular equilibrium 

3. Transient equilibrium 

Experimental methods for the determination of half- 
lives 


ap 


VII. Artificial radioactivity 

A. General considerations 

1. Conservation of energy and momentum 
2. Coulomb barrier 

3. Reaction threshold 

4. Compound nucleus 

5. Cross section and excitation function 
Examples of common reactions 

Special reactions 

1. Oppenheimer-Phillips 

2. Fission 

3. Spallation 

D. Sources and acceleration of projectiles 

E. Equation for rate of production 


Heavy radioelements 

A. Natural series 

B. Artificial series 

C. The transuranics 

Radiation protection 

A. Hazards associated with various types of radiation 
B. Shielding 

C. 

D. Instrumentation 

E. Biological effects of radiation 


X. separation processes 
A. Precipitation methods 

1. Isotopic carrying 

2. Nonisotopic carrying 

Electrodeposition 

Ion exchange 

Solvent extraction 

Adsorption 

Volatilization 

Szilard-Chalmers process 


pplications of radioactive substances 
Analytical chemistry 
Physical chemistry 
Organic chemistry 
Biochemistry 
Metallurgy 
Industry and engineering 


Vill. 


IX. 


XI. 


OS 


In certain cases, topics which can be treated more 
effectively in conjunction with the experiments per- 
formed in the laboratory course are not considered in 
great detail in the lecture course. Perhaps it is in 
order, therefore, to offer a few general comments con- 
cerning the material covered for some of the topics 
listed above. 

For the presentation of nuclear theory the analogy 
between the concepts of atomic theory and nuclear 
theory is stressed. At this point the students are intro- 
duced to the various charts and compilations of nuclear 
and atomic data. 

A large portion of the term is devoted to particle and 
radiation physics. This is considered to be one of the 
most important topics, since experimentation with ra- 
dioactive materials depends upon the detection of the 
nuclear radiation emitted and on the interaction of this 
radiation with matter. The properties of particles 
such as protons and deuterons are considered under the 
subject of the production of artificial radioactivity. 

Among the types of detection equipment discussed 
are ionization chambers, proportional counters, scin- 
tillation counters, photographic plates, and so forth. 
The principles of quenching and scaling circuits are 
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considered. The problems of relative and absolute 
radiation measurements are compared. 

In dealing with the errors of radioactivity measure- 
ments it has been found advisable to review the subject 
of experimental errors in general. Few students have 
an adequate background in the analysis of experimental 
data, and, in fact, in some cases the brief formal error 
treatment given in this course has been the student’s 
first exposure to the subject. 

The problem assignments are relatively heavy for 
that portion of the course dealing with the equations 
for the decay and growth of radioactive substances. 

The students are given an opportunity to practice 
writing equations for the production of radionuclides. 
In addition, attention is paid to contaminants which a 
chemist is likely to find in an irradiated target. Current 
ideas about the fission process are presented, although 
rather briefly. 

The heavy radioelements are not studied in great 
detail; rather, their occurrence, production, and general 
chemistry are summarized. 

In considering the problem of radiation protection an 
attempt is made to impress upon the student the need 
for careful handling of radioactive substances. At the 
same time, however, a certain amount of popular 
misconception and hesitancy toward working with radio- 
active materials has to be eliminated. 

The discussion of separation processes is confined 
mainly to examples and applications. The principles 
are reasonably familiar to the chemist from his back- 
ground in analytical and physical chemistry. A more 
detailed treatment for some of the processes is given in 
the laboratory course. 

It is felt that little is to be gained by presenting more 
than a brief general survey of the uses of radionuclides, 
with a few examples. As pointed out earlier, the stu- 
dents are encouraged to read the journals. 

With respect to the time allowed for the various 
topics, about five weeks are devoted to topics I through 
III. Similarly, about five weeks are taken for topics 
IV through VI. The remaining topics are covered, 
then, in the last third of the term. 


NUCLEAR CHEMISTRY LABORATORY COURSE 


The laboratory course consists of six hours of labora- 
tory work and one hour of lecture per week. The 
lecture period is used for a discussion of the experiments 
with respect to both theory and laboratory technique. 
Many of the experiments are of the “research” type. 
The objective of the experiment is defined and one or 
more procedures are outlined in some detail. The 
students are encouraged to propose, for discussion and 
approval, modifications in the details of procedure and 
technique. To do so, of course, they need to recall and 


apply the inorganic, analytical, and physical chemistry 
of their undergraduate training. 

Since laboratory time is an important consideration, 
especially in nuclear chemical experiments, it has been 
found advantageous to schedule the laboratory periods 
so that the students can take the six hours during a 
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single day. Such an arrangement can often be made 
for the graduate students, at least. 

The experiments are conducted in a remodeled room 
in the Institute chemistry building. As part of the 
remodeling, a hood with good airflow was installed and 
heavy rubber covering, turned up on the edges and 
sealed to the walls and laboratory benches, was placed 
on the floor. All chemical processing of radioactive 
materials in this room is carried out in stainless stee| 
trays which are used on the stone bench tops and in the 
hood. 

The counting equipment is in the same room and js 
kept completely covered when not in use. It is located 
as far as possible from the processing area. In larger 
nuclear chemistry quarters which are to be occupied 
shortly, the counting equipment will be in a separate 
room near the laboratory. 

The equipment in the laboratory includes the follow- 
ing: 

Three scalers 

Assorted end-window and thin-wall Geiger-Miiller tubes with 

shields, etc. 


Aluminum and lead absorbers 
One ionization type survey meter 


One Geiger-Miller-type survey meter 
One Lauritsen electroscope 

Pocket ionization chambers and charging unit 
Three clinical centrifuges 

One analytical balance 

One pH meter 

One drying oven 

Standard chemical glassware 

Special micro glassware 

Stainless steel trays 

Pipetting devices 

Tongs of various shapes and sizes 
Hot plates and heater lamps 

Lead bricks and storage containers 
Rubber gloves 


With the present facilities, a maximum of six students 
may be assigned to a given laboratory section. These 
students then work in pairs. The three pairs may or 
may not do the same experiment on a given day. 

During the term radioactive waste material gradually 
accumulates. No radioactive waste is allowed to enter 
the disposal plumbing of the chemistry building. This 
rule is rigidly enforced. Except for uranium, radium 
D, and calcium 45, the radioactive substances used in 
the course are reasonably short-lived; therefore, the 
waste solutions are stored in glass containers until the 
activity level reaches background. A burial ground is 
available for disposal of long-lived waste materials 
whenever this is necessary. 

Certain radiation-protection measures are taken by 
all personnel working in the radiochemistry laboratory. 
A portable G-M survey instrument is used to examine 
glassware, bench tops, etc., for contamination. An 
ionization-type survey meter is used when shipments of 
radioactive materials from Oak Ridge are handled 
and when experiments are performed with a radium- 
beryllium neutron source. Each student wears two 
pocket-type ionization chambers at all times. These 


| cham 
perioc 
ee 6 hospit 
The 
3 
= 
| 
18. 
natu 
tageo 
= 
perio 
allow 
comp 
‘4 
dents 
allow 
= 
| i the h 
make 
term. 
= 
of the 
sche: 
Oak 
shielc 
= 


with 


JANUARY, 1951 


chambers are checked at the end of each laboratory 
period. Complete blood counts are taken at the local 


hospital once each month. 
The experiments performed during the term are as 


follows: 
1. Determination of the operating curve, effective geometry, 
and resolving time for a G-M tube. 

Investigation of the errors in radioactivity measurements. 

Investigation of the factors affecting the backscattering of 
beta radiation. 

4. Use of radiation survey equipment; shielding study. 

5. Preparation of a feather analyzer based on RaEK. 

6. Range and energy determination for the beta radiation 


from P*?, Co, and Ca*. 
. Determination of the solubility of a relatively insoluble 


substance. 
. Analysis of an ‘unknown’ by the method of isotope dilu- 


tion. 

9. Determination of the half-life of P**. 

0. Separation of UX; from urany] nitrate. 

1. Determination of the self-absorption correction for solid 
samples containing Ca, 

12. — of the surface area of calcium sulfate using 

a”. 

13. Separation of Ba’ and La! by carrier precipitation. 

14. Study of the radiation and half-lives of Ba™ and La!”; 

transient equilibrium. 

15. Preparation and use of an ion-exchange column. 

16. Identification of a radioactive “unknown.” 

17. Use of a quartz-fiber electroscope. 

18. Radioactivation with a neutron source. 

In planning the experiments, a balance has been made 
between the cost and the variety of radionuclides. A 
wide selection of radioactive materials is available from 
the U.S. Atomic Energy Commission to supplement the 
naturally occurring materials. Although it is advan- 
tageous, perhaps, to supply the students with a variety 
of radionuclides, the basic objectives can be attained 
through the use of a few relatively inexpensive radio- 
isotopes. 

The completion of each experiment is not determined 
by a specified predetermined number of laboratory 
periods. Within reasonable limits, the students are 
allowed to work on an experiment until it has been 
completed to the mutual satisfaction of both the stu- 
dents and the instructor. In some cases students are 
allowed to repeat or extend experiments when they wish 
todo so. An experiment such as the determination of 
the half-life of P** is necessarily extended, of course, 
over most of the term. 

In the first few experiments the students become 
familiar with the equipment with which they are to 
make radioactivity measurements during the rest of the 
term. It is intended that the limitations of the count- 
ing equipment shall be understood before any careful 
measurements are attempted. Instruction in the use 
of the survey equipment for radiation protection is often 
scheduled for a day when a radioactive sample from 
Oak Ridge is to be removed from the shipping container 
or processed. The effectiveness of various types of 
shielding is studied at the same time. 

For Experiment 7 the solubilities of both magnesium 
ammonium phosphate and silver phosphate have been 
determined by using P*? tracer. 


7 


Two types of “unknowns” have been used for the 
analysis by isotope dilution. Phosphorus 32 has been 
used for the analysis of a phosphate solution and cal- 
cium 45 has been used for the analysis of a solution con- 
taining a mixture of calcium and magnesium. 

The UX,-UX, equilibrium mixture obtained in 
Experiment 10 is used to check the effective geometry of 
a G-M tube previously calculated from measurements 
made with a RaE source. 

In the separation of Ba'*® and La!*® from an equi- 
librium mixture of these two fission products, the uses of 
isotopic and “hold-back” carriers are illustrated. 
These two genetically related radionuclides are readily 
available and are satisfactory with respect to half-life 
and radiation characteristics for a study of transient 
equilibrium. The students have an opportunity to 
compare the experimentally determined growth and 
decay data with those calculated for the same system as 
a homework problem in the lecture course. 

Since the ion-exchange experiment is rather lengthy 
and requires the use of considerable glassware, it is 
usually assigned to a limited number of students. 
This experiment then becomes a small project for a few 
students who study the conditions for separating Ba'*° 
from La'‘® by ion exchange. 

Experiment 16 is somewhat like an examination. 
A sample of radioactive material which may contain 
several radionuclides is given to the class. The “un- 
known” activities are usually different from those used 
for the previous experiments. In one case, for exam- 
ple, a mixture of relatively long-lived activities which 
occurred as an impurity in a sample of short-lived mate- 
rial served very effectively as the “unknown.” In the 
interest of completing the experiment in a reasonable 
number of laboratory periods, the analysis is planned so 
that each pair or group of students works on one phase 
of the problem and then contributes its share of experi- 
mental data. The findings of the various groups are 
considered by the class as a whole and a conclusion is 
reached concerning the identity of each of the com- 
ponent activities in the “unknown.” 

In the absence of an accelerator, a few short-lived 
radionuclides can be prepared by irradiation of a sample 
of an element or a compound in a neutron source. 
The target isotope of interest must have a large neutron 
activation cross section. Fifty-four minute In" is an. 
example of a radionuclide which has been used in 
Experiment 18. Several types of neutron sources are 
available. It is possible to rent some of these sources 
on a monthly basis. 

In several cases students have been interested in 
constructing small pieces of equipment for use in the 
laboratory. Among the items which have been con- 
structed by students are special absorbers and special 
sample holders. 

At the end of the term each student is required to sub- 
mit a folder containing the data, calculations, and con- 
clusions of all experiments. The last meeting of the 
term is used for a general discussion and review of all the 
experiments. 
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* TEACHING NUCLEAR CHEMISTRY AT 
NOTRE DAME UNIVERSITY 


Becinnine with the intensive wartime development 
of “atomic” energy, the scientific institutions of this 
country have devoted a considerable fraction of their 
effort to the study and application of nuclear phenom- 
ena. One consequence of this interest has been the 
appearance of teaching and research programs classified 
as Nuclear Chemistry or Radiochemistry in the cur- 
ricula of many universities. These programs most 
commonly consist of thesis research in the field as well 
as lecture and laboratory courses offered to advanced 
students. Less frequently, this field may be repre- 
sented in the more elementary chemistry courses. 

Instruction in nuclear chemistry at Notre Dame 
takes place at both graduate and undergraduate levels. 
In the first case it is represented by a lecture course and 
by thesis research. Undergraduates receive elementary 
instruction in the lecture and laboratory courses in 
physical chemistry. 


GRADUATE LECTURE INSTRUCTION 


The graduate-level lecture course in nuclear chem- 
istry consists of some forty-five lectures given in one 
semester each year. It is most frequently taken in the 
first year of graduate study by students majoring or 
minoring in physical and inorganic chemistry. The 
course serves as a survey for those who will emphasize 
some other branch of chemistry and as preliminary 
training for students who intend to pursue thesis re- 
search in the field. A published version of these lec- 
tures is available.” 

In view of the fact that most graduate students in 
chemistry have had only the most elementary training 
in physics, it is necessary to spend a considerable por- 
tion of the time presenting background information in 
nuclear physics which is necessary for understanding of 
the chemical phenomena. A compromise must be 
adopted between the necessity for adequate treatment 
of this portion of the material and the desirability of 
giving proper time and emphasis to the numerous chem- 
ical problems. The division of time in our course has 
been approximately equal between nuclear physics and 
nuclear chemistry, although no rigid segregation of ma- 
terial has been attempted. For example, the chemical 
and physical manifestations of nuclear mass are con- 
sidered before any discussion cf nuclear rearrangement 
reactions. The outline below serves to indicate the por- 


1 Present address: Canisius College, Buffalo, New York. 
2 Wiiuiams, R. R., Jr., “Principles of Nuclear Chemistry,” 
D. Van Nostrand Co., New York, 1950. 


WILLIAM H. HAMILL, RUSSELL R. 
WILLIAMS, JR., and ROBERT H. SCHULER: 
University of Notre Dame, Notre Dame, Indiana 


tion of the course which might be classified as nuclear 
physics (Items 1, 3, 4, 5). 


COURSE OUTLINE 


1. The atomic nucleus ‘ 
Atomic structure; nuclear mass; nuclear composition; 
nuclear energetics; unstable nuclei. 
2. Physical and chemical manifestations of nuclear mass 
Physical properties of isotopic nuclides; chemical properties 
of isotopic nuclides; concentration of isotopic nuclides. 
3. Devices for preparation and detection of unstable nuclides 
Detection of nuclear radiations. Efficiency and reliability 
of detecting devices. Production of unstable nuclides. 
4. Nuclear decay reactions 


Types of decay; absorption of nuclear radiations. Decay 
schemes; genetic relationships; rate equations; units and 
standards. 

5. Nuclear bombardment reactions 

Nuclear cross section; types of reactions; artificial elements; 
nuclear fission. 

6. Chemical operations with unstable nuclei 

Principles; purification and analysis; artificial elements. 

7. Chemical consequences of nuclear reactions 

Physical basis; neutron capture; isomeric transition; other 
reactions. 

8. Chemical and biological effects of nuclear radiations 
Radiations and particles; radiation chemistry; biological 
effects; health physics. 

9. Applied nuclear chemistry 

Geochemistry: isotopic exchange; tracer studies; analytical 
applications. 


In the portion of the course which is devoted to the 
more truly chemical phenomena, an attempt has been 
made to survey as many as possible of the considera- 
tions which arise through the ability to produce, de- 
tect, and distinguish between nuclear species. The 
effect of nuclear mass upon chemical properties, as 
evidenced by chemical differences between isotopes, re- 
ceives early consideration. After a discussion of the 
methods of producing and detecting unstable nuclides, 
the peculiarities of chemical operations with submicro- 
scopic (tracer) amounts of the species are discussed. A 
familiarity with this subject is fundamental to many 
subsequent chemical studies. A description of the chem- 
ical properties of those elements known only as arti- 
ficial unstable nuclides is also included here. 

The chemical changes resulting from nuclear reac- 
tions are the subject of considerable discussion. On the 
one hand, the chemical reactions induced in the atom 
undergoing the nuclear change are discussed. This 
subject is sometimes called “hot-atom chemistry” and 
is typified by the Szilard-Chalmers reaction. In con- 
trast, the study of the chemical reactions induced by 
nuclear radiations as they are absorbed is usually re- 
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ferred to as “radiation chemistry.” This subject leads 
naturally to a discussion of the biological effects of 
nuclear radiations and of health physics. 

The concluding lectures are titled Applied Nuclear 
Chemistry to indicate that the subject matter is de- 
yoted to a survey of the ways in which the techniques 
of nuclear chemistry can be applied to the solution of 
problems of other branches of chemistry. A large share 
of the material may be described by the phrases “‘iso- 
topic exchange reactions” and “tracer studies” and 
in these cases the source material is so voluminous that 
only a few typical examples can be given. The main 
object is to leave the student with some appreciation 
of the capabilities of the tracer method, rather than to 
attempt a critical interpretation of the results. 

This lecture course does not attempt to give a com- 
plete description of laboratory procedures in either 
physical or chemical considerations, since elementary 
training of this nature is available in laboratory courses 
and advanced training in thesis research. 


THESIS RESEARCH 


Formal lecture and laboratory training in nuclear 
chemistry at the graduate level might well be regarded 
as sterile unless accompanied by an active program of 
research in this field. At Notre Dame four staff mem- 
bers and approximately fifteen graduate students are 
conducting research in various phases of nuclear chem- 
istry. The individual problems fall largely into the 
general fields of radiation chemistry and hot-atom chem- 
istry. Also, several applications of radioactive tracer 
techniques to the kinetic problems arising in these and 
allied fields are now in progress. 

This research program enjoys generous support from 
the University and the U. S. Atomic Energy Commis- 
sion and has its origin in the wartime work of the staff 
members and several graduate students with the Plu- 
tonium Project. It is complemented by active research 
in nuclear physics at the University and facilitated by 
contacts with the Argonne National Laboratory in 
Chicago, in which Notre Dame is a participating uni- 
versity. 


UNDERGRADUATE LECTURE INSTRUCTION 


The usual two-semester lecture course in elementary 
physical chemistry has become less and less capable of 
handling effectively the increasing number of topics as- 
signed to it. At Notre Dame we have adopted the ex- 
pedient of devoting a third semester to topics which 
might be called ‘modern physical chemistry.” In ad- 
dition to subjects such as atomic and molecular struc- 
ture, this course also includes approximately eight lec- 
tures on nuclear physics and chemistry. Obviously, 
this brief treatment can do no more than state the bare 
essentials. The main topics are the production and prop- 
erties of unstable nuclides and the application of these 
phenomena to the study of chemical processes. We 
hope at least to leave the student with some apprecia- 
tion of the significance and scope of the methods, if not 
with its details. 


UNDERGRADUATE LABORATORY INSTRUCTION 


Experiments in nuclear chemistry appear in both of 
our undergraduate laboratory courses in physical chem- 
istry. In the first course, one afternoon’s work (out of 
a total of twelve afternoons) is performed by every 
student. This work consists of a study of counting 
operations, including plateau determination, statistical 
fluctuations, and absorption of beta radiations. The 
decay of 25-minute I’? is also observed. 

The second semester of physical chemistry laboratory 
includes three to five additional periods of nuclear chem- 
istry, depending on the student’s inclinations. Ad- 
ditional counting considerations, such as scattering and 
dead-time losses are studied. Growth of 56-minute 
In!!6 in neutron bombardment and the complex decay 
of bromine activities are observed. In addition several 
experiments on exchange reactions, using active iodine, 
are performed. These experiments have been de- 
scribed in detail in previous communications.* 

This laboratory work has been specifically designed 
for use on the undergraduate level and the investments 


_ of time and money have been minimized. One of the 


unique features of the work is the use of a 5-mg. Ra-Be 
neutron source to activate samples for student work. 
Among the advantages of this procedure is the ability to 
use short-lived activities. This permits activation and 
decay within a single laboratory period and reduces the 
problem of contamination of laboratory equipment. 
The health hazard associated with the use of such a 
small source is very small and the neutron flux obtained 
is of course comparably small. However, direct acti- 
vation of substances of high cross section, such as in- 
dium and gold, is quite feasible and activation of 
several other elements may be accomplished through 
use of the Szilard-Chalmers reaction.‘ 

It seems inevitable that experiments of this type will 
find increasing use in undergraduate physical chemistry 
laboratory courses. We feel that those suggested are 
appropriate to the advanced undergraduate level of in- 
struction. No large proportion of our undergraduate or 
graduate student body may be expected to find em- 
ployment in the atomic energy industry but, on the 
other hand, many of them will probably have occasion 
to use or evaluate the applications of nuclear chemistry. 
Many potential users of these techniques will be created 
simply by imparting the most rudimentary knowledge 
to the greatest possible number of students. The time 
may soon come when the Geiger counter is as common as 
the electronic pH meter, and certainly many aspects of 
its use are no more involved. 

Graduate instruction and research in nuclear chem- 
istry continues to operate at a high level in many 
schools, drawing on the fund of talent and knowledge 
accumulated on the various atomic energy projects. 
However, there exists an unfortunate tendency to re- 
gard the field as highly specialized and difficult in all its 


3 R. R., Jr., W. H. anp R. H. Scuuter, 
J. Cuem. Epuc., 26, 210, 310, 667 (1949). 

4 R. R., Jr., W. H. anp R. H. Scouser, 
ibid., 26, 667 (1949). 
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aspects. This is intensified by the confinement of the 
instruction to the graduate level. It seems to us that 
some effort must now be made to integrate elementary 
aspects of this work into our undergraduate programs. 
This will require not only the efforts of the teachers of 
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nuclear science but also cooperation from their ¢q. 
leagues and the various university, governmental, and 
manufacturing agencies which aid and service the 
teaching profession. The possible benefits of such g 
program are obvious and general. 


NUCLEAR CHEMISTRY AT THE UNIVERSITY 
OF CALIFORNIA 


Now and again in the evolution of science a new field 
of study emerges. It is usually neither possible nor im- 
portant to point out a particular day or year in which 
the new branch was born; instead, reflection will show 
that it took root in a number of existing branches and 
grew along with and finally away from its parents. As 
the body of knowledge expands in breadth and depth 
the aggregate techniques and concepts require longer 
periods of time to master and become a subject for 
specialization. Such, in our opinion, is the body of 
knowledge and field of study which we choose to call 
nuclear chemistry. 

It is perhaps easiest to envisage the scope of nuclear 
chemistry in terms of the ways in which a person with 
broad basic background in chemistry can effectively 
contribute to the study of nuclear phenomena and in 
terms of the training which a chemist will find advanta- 
geous in utilizing the tools provided by nuclear phenom- 
ena in the solution of many chemical problems. It is 
the aim of this paper to provide a discussion of these 
subjects, in particular the present method of operating 
our laboratories and teaching at the University of 
California. 

In attempting to define nuclear chemistry it should 
first of all be realized that this same term may refer to 
quite different studies in different laboratories. Such 
differences are not unique to this field but are common 
to all. An inorganic chemist in one place may be in- 
terested in analytical problems, another in reaction 
kinetics. Similarly, in one laboratory a nuclear chemist 
may be studying the behavior of minute amounts of 
material which can be followed by virtue of their radio- 
activity, while another nuclear chemist is primarily 
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concerned with the interpretation of nuclear reactions 
and uses the first chemist’s work to identify the products 
of these reactions. The first chemist is engaged pr- 
marily in a special kind of analytical problem, the 
second in studies which in many quarters would not be 
called chemistry at all but nuclear physics. We shall 
spend some time discussing the chemist’s position in 
this latter field; whether it is called chemistry or phys 
ics has no more relevance than an abstract discussion 
of whether spectroscopy is chemistry, physics, or as 
tronomy. It is more profitable in the case at hand to 
discuss what chemists are doing. This is the basis which 
we use for defining the field of nuclear chemistry. At 
present then nuclear chemistry would be the study of 
nuclear reactions and the associated chemical studies 
needed to elucidate these reactions or which take aé- 
vantage of nuclear reactions. 

The use of chemistry in nuclear studies has an early 
history. Soon after the discovery of radioactivity, the 
observation that pitchblende has higher specific radio 
activity than uranium was the stimulus for chemical 
fractionation of the ore. The chemical separations by 
the Curies which resulted in the discoveries of polonium 
and radium called for a distinctive type of chemistry 
which has ever since been an earmark of the chemical 
phases of nuclear chemistry. This characteristic fea 
ture has to do with chemical operations on invisible 
amounts of material—invisible in all respects except to 
instruments and materials which can detect radioactiv- 
ity. Almost all of the natural and artificial radioac 
tivities are encountered in ‘‘weightless’’ concentrations 
and the special type of analytical chemistry which has 
evolved to cope with these quantities has been termed 
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radiochemistry which we now consider as a branch of the 
broader field nuclear chemistry. The methods of radio- 
chemistry already well established twenty and thirty 
years ago were used in the laboratory investigations of 
the natural radioactivities and industrially for radium 
separation. The discovery of artificial radioactivity 
and the development of accelerators for inducing radio- 
activities in all of the elements greatly widened the 
scope for radiochemical investigations. During the past 
war these methods became of vital importance in ex- 
tracting plutonium from uranium and fission products, 
and the development of the complex process which re- 
sulted was by far the most extensive use yet made of 
such methods. Research and development chemists 
numbering in the hundreds worked with techniques and 
instruments known previously only to a handful of re- 
search workers. From their results were built huge 
chemical plants costing over $100,000,000 while the 
maintenance and extension of this program now em- 
ploys more chemists than during the war. 

Radiochemistry, which has been defined as the 
study of substances at extreme dilutions made possible 
by measurement of the radioactivity, is a rapidly ex- 
panding field with rapidly increasing numbers of uses in 
research and industry. The tracer method and its 
manifold applications is destined to become more and 
more widely used as the availability of radioactive ma- 
terials and the training of potential users permits. 
The applications of tracers to the solution of problems 
in chemistry, biology, and other fields are, of course, 
not included in our definition of nuclear chemistry. It 
should be pointed out before turning to another subject 
that radiochemistry is based on a fundamental knowl- 
edge of chemical behavior such as solubility properties, 
surface chemistry, and reaction kinetics, to name but a 
few phases. It is basically a chemical field in which 
nuclear instruments play the secondary role of permit- 
ting one to follow the radioactivity through the chem- 
ical separations. 

A natural consequence of the ability to separate 
radioactivities is that complex mixtures may often be 
resolved into simple pure radioactive species. Indeed, 
as we shall see, this is the goal for the radiochemical 
separations when we wish to prepare simple mixtures or 
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him far afield from what we used to consider chemistry 
and into the forefront in the development of many as- 
pects of nuclear theory. Many examples of this work 
would be necessary to properly describe its scope, but 
only a few can be given here. One aspect has to do with 
the discovery of new nuclear phenomena by identifying 
the products of nuclear reactions. One of the most 
astounding discoveries made by this method was that of 
nuclear fission in which the identification of certain 
fission products by radiochemical methods led to the 
interpretation of the reaction. It may be argued that 
fission could have been discovered by some other tech- 
nique, for example, measurement of the large elec- 
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trical pulses in an ionization chamber. However, there 
are many studies which can best be pursued by chem- 
ical methods and some in which they are indispen- 
sable. In particular, the last few years have seen de- 
velopments in which there can be little progress without 
employing chemical separations. The new high energy 
range of accelerated particles is producing such com- 
plex mixtures of reaction products that it is hopeless to 
attempt to diagnose the reactions without chemical 
separations. In a single irradiation with particles in 
the 100-Mev range thirty or more recognizable radio- 
active species may be formed, that is, they are recog- 
nizable if they are first fractionated into the fifteen or so 
elements of which they are isotopes. To make these 
separations with speed and still obtain in most cases 
extremely high purity is a first-class analytical job re- 
quiring a good knowledge of inorganic chemistry and 
the special skills of radiochemical methods. Once the 
separations have been made, the radioactivities identi- 
fied, and their yields measured, one may then begin to 
piece together the nuclear reactions which produced 
these products and obtain information as to what hap- 
pens when nuclei are excited to extremely high energies. 

These examples which could be expanded greatly in- 
dicate how the nuclear chemist uses chemistry to ob- 
tain information on nuclear reactions that have oc- 
curred. Sometimes the objective is somewhat different 
but still in the direction of studying nuclear phenomena. 
During the past year, for example, several in our labo- 
ratory have become interested in extending our knowl- 
edge of alpha-radioactivity. This was made possible 
by the newly acquired ability to produce many new 
alpha-particle emitters by making use of the high 
energy cyclotrons and the nuclear reactors or piles. 
Many new techniques in chemical separation and radio- 
activity measurements were developed for these studies. 
The interest in alpha-radioactivity is several-fold. By 
means of a large amount of alpha-decay data we are 
able to reconstruct the energy relationships of the 
whole heavy element region; that is, it is possible to 
construct an energy surface in a thermodynamic sense 
relating the nuclear binding energies of all parts of this 
region. Secondly, by using the quantum mechanical 
treatment for the alpha-decay process we were able to 
make some fundamental changes in alpha-decay theory 
and to calculate in a meaningful fashion the nuclear 
radii in this region. Certain abrupt changes in nuclear 
radius are furthermore interpreted, along with changes 
in alpha-energy, in terms of regions of great nuclear 
stability. We have outlined this particular study as it 
illustrates rather well the information which can be ob- 
tained by characterizing radioactive properties of a 
large class of nuclides and that the most powerful tool 
for examining these radioactivities involves a great deal 
of chemistry. 

There is another major branch that we include in 
nuclear chemistry, and this consists of chemical inves- 
tigations of the synthetic and rare radioactive elements. 
The unique features of this work are that at least up to 
now the investigator must obtain or recover his own 
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starting material by radiochemical methods; the chem- 
ical experimentation is either on a micro or ultra- 
micro scale, and the experimentation is beset with the 
peculiar difficulties of working with intensely radioac- 
tive substances. While much information on chemical 
properties can be obtained on the tracer scale, there are 
broad classes of measurements which can only be made 
at macro concentrations or with the pure element and 
its compounds. Thermodynamic properties and phys- 
ical properties of the metallic state and its compounds, 
absorption and emission spectra and certain nuclear 
properties fall into this category. Even in the case of 
properties which can be deduced by radiochemical 
methods exact measurements can only be made with the 
element in macro concentrations. For example, we may 
get approximate values for solubilities and oxidation 
potentials with only tracer amounts of material, but 
accurate values can only be obtained by more conven- 
tional chemistry. The importance of determining the 
chemical and physical properties has led to the isolation 
of all of the synthetic and rare radioactive elements for 
which there can be any hope of obtaining in pure state. 
Only radium and protactinium (elements 88 and 91) 
had been isolated before the war, but since 1942 tech- 
netium (43), promethium (61), polonium (84), actinium 
(89), neptunium (93), plutonium (94), americium (95), 
and curium (96) have all been seen and worked with in 
the pure state. Two other elements, astatine (85) and 
francium (87), have no isotopes of sufficient half-life to 
permit preparation and isolation. Obviously the isola- 
tion within the last few years of eight new elements (to 
be sure of limited availability at present) opens up wide 
new areas for study. There are two great difficulties 
with this work, however. First, the limited availability 
of most of these elements makes it mandatory to work 
on a milligram and even microgram scale. The ultra- 
microchemical techniques which have now been brought 
to a condition of general usefulness have become an ear- 
mark of this branch of nuclear chemistry. The other 
difficulty is the intense radiation associated with even 
micrograms of almost all of these elements, mating 
necessary special techniques, and in some cases remote- 
control equipment is necessary. 

The foregoing explanation of what we include in 
nuclear chemistry was indulged in as it will help give 
reason for the subject matter of our lecture courses and 
serve as a background for outlining the research pro- 
gram in our laboratory. 

Two lecture courses in nuclear chemistry are offered 
in the Department of Chemistry, one each semester. 
The first is a two-hour course with an undergraduate 
number designation although up to this time about two- 
thirds of those enrolled have been graduate students. 
The object of this course is to provide a descriptive sur- 
vey of nuclear theory and methods including an in- 
troduction to radiochemical methods and properties of 
radiation. The students who take this course appar- 
ently do so for a number of reasons. The largest single 
group consists of graduate students who expect to take 
part in some phase of nuclear research or are already 
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doing so. This group includes chemists in nuclear chem. 
istry, physicists, and a wide variety of students in the 
agricultural and life sciences. Other students take the 
course as an elective presumably with nothing more in 
mind than to become acquainted with a new and jp. 
teresting field. 

The subjects covered in the undergraduate course 
start with an historical development and the current 
picture of nuclear structure including nuclear forces, 
conditions for stability, and a qualitative nonmathe- 
matical treatment of the quantum mechanical proper- 
ties. This is followed with a description of the radio- 
active decay processes, the theories of beta- and alpha- 
decay, and the properties of the radiation. Induced 
nuclear reactions are next treated, and this subject in- 
cludes reactions with charged particles and neutrons, 
and the instruments which produce them as well as the 
factors which govern yields. Special reactions like the 
fission process and the nuclear chain reaction are also 
dealt with. A brief survey of radiochemistry then fol- 
lows in which no attempt is made to develop a system of 
analysis, but the principles of separation and identi- 
fication of radioactivities from irradiated or naturally 
occurring substances are outlined. Other subjects 
treated are the chemical and physical effects of radia- 
tions on matter, which is termed radiation chemistry, a 
survey of the natural radioactivities, and the chemical 
properties and place in the periodic system of the new 
synthetic elements. 

In general, we have attempted in this course to give 
students with a background in chemistry a feeling for 
the nature of nuclear reactions and to indicate some of 
the things which chemists can do in the field. 

The graduate lecture course given the second semester 
is aimed more specifically for graduate students en- 
gaged in nuclear work. The outline of the subjects 
covered in this course is not greatly different from that 
already mentioned for the undergraduate course. 
There are two major differences, however. In the ad- 
vanced course we build upon the descriptive picture 
given in the elementary course and give a more rigorous 
treatment and a great deal more detail. Secondly, since 
this course is primarily for those engaged in research we 
make a determined effort to keep it strictly up to date 
by the inclusion of appropriate new work which comes 
out almost week by week. Other differences in this 
course are: (1) a more detailed treatment of radio- 
chemistry including specific reactions for all of the ele- 
ments, (2) a brief survey, for the student’s general in- 
terest, of current ideas on such subjects as astrochem- 
istry, cosmic rays, and meson theory. 

In the graduate course we also require each student to 
prepare a review paper on a subject of his own choosing. 
This has the important purpose of acquainting him with 
the original literature and also testing his abilities for 
discrimination and correlation. It may be mentioned 
that a number of the graduate students even at this 
early stage in their careers prepare very creditable 
papers which with minor editing would probably con- 
form to the standards of the reputable journals. 
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It may be well to indicate why we offer no formal 
laboratory course in nuclear chemistry. At the present 
time such a course would be of value only to a small 
minority. For graduate students in nuclear chemistry 
the policy-of the department is to begin research the 
first semester, and the facilities and instruction by the 
research directors and staff members of the Radiation 
Laboratory are much better than could be provided in a 
formal course. Many of the other graduate students 
are likewise doing research in other departments, and 
besides this the medical physics division of the physics 
department does offer a course in radioactive measure- 
ments. Finally, the research laboratories are open to 
qualified undergraduates who can thus obtain better 
instruction and have access to better facilities than they 
could in a formal course. The chemistry department 
does offer an instruments course in which radiation- 
counting equipment is one type which students are 
taught to understand and use. 

It may be mentioned that the physics department 
gives nuclear physics as two courses, one undergraduate 
and one graduate, and also offers no formal laboratory 
courses for physicists. For advanced students doing 
nuclear research there is also given in the chemistry 
department a seminar which meets weekly and the 
physics department similarly has a nuclear seminar 
which a number of chemists attend. Other special 
meetings such as those held by the Radiation Labora- 
tory are open to qualified students. 

The research program for graduate students in 
nuclear chemistry at the University of California is of 
considerable breadth and probably differs in a number 
of respects from that at other schools. First of all, an 
explanation may be in order for the functions of the 
Radiation Laboratory and Department of Chemistry in 
the training of graduate students. All students in 
nuclear chemistry are enrolled in the Department of 
Chemistry and must satisfy the entrance requirements, 
pass the examinations, take the courses, and otherwise 
fulfill all of the requirements demanded of any other 
chemistry graduate student for an advanced degree. 
The degree when obtained is accordingly granted in 
chemistry by the Graduate Division of the University. 
The Radiation Laboratory on the other hand, is an 
organization which offers no formal instruction and 
gives no degrees, but provides research facilities for its 
own staff members and for the departments of the uni- 
versity. Most of the senior staff members of the Radia- 
tion Laboratory are also members of one of the several 
departments such as physics, chemistry, medical 
physics, and engineering. The graduate students may 
either hold teaching assistantships in the Department 
of Chemistry or part-time research positions in the 
Radiation Laboratory, which are in essence research 
fellowships. However, all students are expected to do 
some teaching during their graduate years. 

An entering student may select any of a large variety 
of subjects for his research. Those interested primarily 
in the application of tracers may, as an example, elect to 
work with Professor M. Calvin on bio-organic studies 
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such as C'* work on photosynthesis, or with Professor 
R. E. Connick, whose main fields of interest are reac- 
tion kinetics and complex ion formation. On subjects 
somewhat closer to nuclear work, Professor B. B. Cun- 
ningham is primarily concerned with the chemistry of 
the transuranium and rare earth elements and is the 
authority on the ultramicrochemical methods. used in 
these chemical studies and some nuclear studies. Pro- 
fessor D. H. Templeton, besides carrying on nuclear 
research with the accelerators, operates a laboratory for 
X-ray diffraction studies of crystal structure which he 
applies to the synthetic elements and to other purposes. 
Another member of the staff is Dr. K. Street, Jr., who 
worksonnuclear propertiesand solution chemistry of the 
transuranium elements. Most of the graduate students 
of the authors of this paper work on nuclear transforma- 
tions with the large accelerators, but some conduct in 
addition strictly chemical studies in the heavy element 
region. The group as a whole operates, with a small 
permanent staff, a number of specialized facilities and 
instruments which the students use as they apply to 
their problems. These include special facilities for 
handling strongly radioactive material. In this connec- 
tion we should mention the radiation protection or 
Health Chemistry group of the Radiation Laboratory, 
under the direction of Mr. Nelson Garden, which has 
done an excellent job in virtually eliminating the 
hazards of radiation primarily by providing proper 
equipment, but in addition it handles the monitoring 
and supplementary services. Besides the so-called 
“hot laboratories” there are a number of major equip- 
ment pieces for nuclear measurements including special 
alpha-particle counters, beta-ray spectrograph, mass 
spectrograph, coincidence counting equipment, and 
others. Also, as a service the Laboratory runs a spec- 
trographic laboratory which is used both for analysis 
and for special research problems which demand this 
type of equipment. 

In closing this discussion of the graduate student 
training in nuclear chemistry we can best illustrate the 
types of work which the students do by listing some 
thesis titles of recent Ph.D. graduates. Some of these 
are as follows: 

Nuclear and Chemical Properties of Americium and Curium. 

High Energy Spallation Products of Copper. 

Characteristics of Bismuth Fission with High Energy Particles. 

Neutron Deficient Isotopes in the Rare Earth Region. 

Isotopes of the New Element Curium. 

Equilibria in the Oxide Systems of Praseodymium and Ameri- 

clum. 

Thermochemical Studies of Oxides of Praseodymium and 

Americium and the Estimation of the Pr(III)-Pr(IV) and 
Am(IITI)-Am(IV) Potentials. 


It should be pointed out that students handling these 
and similar problems need not have had any previous 
acquaintanceship with nuclear work and that some ex- 
cellent work has been done by students who received 
their undergraduate training at small schools. In some 
cases the undergraduate training in these schools has 
been good and in others the students had a great deal of 
native ability which allowed them to learn rapidly. 
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THE DEVELOPMENT OF RADIOCHEMISTRY 


It is just fifty years from the discovery of radio- 
activity by H. Becquerel (1895) to the detonation of 
the first atomic bomb (July 16, 1945). But only three- 
fifths of this period was required for the development of 
atomic physics from the discovery of the electron 
(W. Crookes and J. J. Thomson, 1895) and the X-ray 
(W. C. Réntgen, 1895), through the work of M. Planck, 
A. Einstein, N. Bohr, and A. Sommerfeld to the 
Minerva-like birth of the quantum mechanics (E. 
Schroedinger, P. A. M. Dirac, W. Heisenberg, 1925). 
Because radioactivity was discovered by physicists and 
the chemical aspects were exploited effectively by 
them, and because the work was related to and over- 
shadowed by atomic physics, nuclear chemistry has 
not until this decade received a fraction of the attention 
it deserves from the chemical fraternity.! 

Before we go much further in a discussion of nuclear 
chemistry and radiochemistry, a few definitions are in 
order. Nuclear chemistry deals with the chemical 
aspects of nuclear transformation, of the separation and 
study of nuclear species (stable or radioactive), of 
radioactive decay, and the use of nuclides? as tools in 
chemical research. 

Chemical work with nonnatural mixtures of isotopes, 
or interpretations of deviations from the norm in 


1The Nobel Prize Committees have frequently honored nu- 
clear physicists with Nobel Prizes in Chemistry: E. Rutherford 
(1908), M. S. Curie (1911), F. W. Aston (1922), and F. and I. 
Joliot-Curie (1935). Nuclear chemists have also been rewarded 
by the committee: F. Soddy (1921), H. C. Urey (1934), G. Hevesy 
(1943), and O. Hahn (1944). For the complete picture in nu- 
clear science to date, we may add the names of the prize winners 
in Nuclear Physics: H. A. Becquerel, P. Curie, and M. 8. Curie 
(1903), A. H. Compton and C. T. R. Wilson (1927), J. Chadwick 
(1935), V. F. Hess and C. D. Anderson (1936), E. Fermi (1938), 
E. O. Lawrerice (1939), P. M. S. Blackett (1947), H. Yukawa 
(1948), C. F. Powell (1949), and that of one radiobiologist prize 
winner in Medicine, H. J. Miiller (1946). In the judgment 
of these Committees, nuclear chemistry has not been set apart 
from nuclear physics. 

2 The word isotope, as defined by F. Soddy (2), is applied to 
one of several nuclear species of the same nuclear charge 
(proton number) but different mass number, occupying 
the same place (icos rowos) in the periodic system. Nuclear 
isomers, of the same proton number Z and neutron number N, 
and thus the same mass number A, are known; these differ only 
in quantum numbers and energy contents. T. P. Kohman (3) 
has introduced the word nuclide for “a species of atom char- 
acterized by the constitution [and energy] of its nucleus.” Note 
that the chemist works with nuclides, not with bare atomic 
nuclei, and that the word isotope is often misapplied in the 
newspaper-dominated world. 
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nature (of great interest in geochemistry and in chemical 
cosmogony) are principal parts of the subdivision of 
isotope chemistry. According to the latest tabulation 
(1), 272 stable nuclear species are found in nature, to 
gether with 10 very long-lived species that can be 
handled as if stable. The number of radionuclides 
known is over 700 at the present date. Chemical 
work with radioactive materials comprises the sub- 
division of radiochemistry. This is the chemistry of 
the production, isolation, and identification of radio- 
nuclides, including tracer analysis, tracing, and chemical 
studies of phenomena associated with nucleogenesis 
(hot atom chemistry). Marie Slodowska Curie founded 
radiochemistry in her search for radium, and at the 
same time founded its engineering analogue radiochemi- 
cal engineering, on which the radium-mesothorium- 
polonium industry rests. Chemical problems asso- 
ciated with the interactions of high-speed particles and 
high-energy electromagnetic radiations with matter 
make up the field of radiation chemistry. 


Isotope chemistry is limited to the 61 elements with 
two or more stable or near-stable isotopes found in 
nature. Natural radioactivity of uranium and tho 
rium provides us with six more transitory elements 
(polonium, radium, actinium, radon, protactinium, and 
francium), which were found and characterized with the 
techniques of radiochemistry. These were first devel- 
oped by Mme. Curie in 1896 and later extended by A. 


Debierne, G. C. Schmidt, Soddy, Rutherford, F. § 


Paneth, Hevesy, S. Meyer, K. Fajans, Hahn, Lise 
Meitner, F. E. Dorn, and others in the next 20 years, 
including in the United States, H. N. McCoy, R. B. 
Boltwood, H. Schlundt, and 8. C. Lind. Transitory 
species in the natural radioactivity families furnish 
also tracers for thallium, lead, bismuth, and thorium. 


With the discovery of nuclear transmutation by 
Rutherford in 1918, followed by the development of the 
electronuclear accelerators of J. D. Cockcroft, R. J. 
Van de Graaff, and especially of the cyclotron of E. 0. 
Lawrence (1932) and the discovery of artificial radio- 
activity by the two Joliot-Curies (1934), science was 
presented with a flood of synthetic radionuclides, with 
useful radioisotopes of all of the 81 stable elements, and 
all other elements up to and including plutonium. 
The slowness of chemists to participate even in the 
study of the many accessible synthetic elements is 
illustrated by the very few papers by chemists challeng- 
ing the fantastic structure of claims in 1934-1939 for 
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transuranic elements. The world-shaking discovery 
of the fission reaction was made, however, by the most 
dificult path—the chemical one—by O. Hahn and F. 
Strassmann (4) in 1938 in Berlin, after an honorable 
failure by Mme. Joliot-Curie and P. Savitch (5). The 
profusion of cyclotrons, especially in the United States, 
had, however, given impetus to the spread of radio- 
chemistry among physicists, to the training of cyclotron 
radiochemists, and to the orienting of medical workers 
to the utility of radioactivity in research and therapy. 
The chief centers in this country were at the University 
of California at Berkeley (where seven synthetic ele- 
ments were destined to be synthesized), Chicago, Pur- 
due, Michigan, Rochester, Princeton, Columbia, Yale, 
Harvard, and M. I. T. 

On Dec. 6, 1941, work on all aspects of nuclear energy 
began in great earnestness (6, 7, 8) and the tasks and 
prospects of radiochemistry and isotope chemistry, in 
all their ramifications, commanded the attention under 
strict cover of thousands of chemists and chemical 
engineers. Except for a relatively few pre-fission radio- 
chemists,* most of the workers in the field in this country 
received apprenticeship at one of the war laboratories 
or at their successors under the Atomic Energy Com- 
mission. 

Because of the existence of a vigorous national pro- 
gram in research in nuclear science, associated with 
government-sponsored military and industrial develop- 
ment, employment prospects in nuclear chemistry have 
been, and promise for a long time to be, excellent. If one 
considers the effort spent, however, in research in 
nuclear physics, and in applications of radiotracer 
chemistry in the natural sciences and in applied fields 
like metallurgy, research medicine, and medical diagno- 
sis and therapy, it will be seen that chemists in this 
country are still backward in nuclear chemical research, 
as they were in the pre-cyclotron and pre-fission days. 


NUCLEAR CHEMISTRY AT M. I. T. 


The end of World War II found Massachusetts 
Institute of Technology, with the authors as senior 
staff members, representing the interests of nuclear 
chemistry and its relations to inorganic and general 
chemistry, and with the Institute prepared to launch a 
strong program on all fronts of nuclear science and 
engineering not involving classified work. There had 
been a broad program in nuclear physics before the war, 
with a legacy of an operating 42-in. cyclotron, several 
Van de Graaff machines, and many physicists appre- 
ciative of the problems of nuclear chemistry. The 
applied radioactivity work carried out under the general 
direction of Prof. R. D. Evans in the Radioactivity 
Center had led to the infection of many departments 
with an interest in tracer techniques, and had been the 


* The Berkeley groups have had such an important role that it 
may be useful to name the radiochemists prominent there by 
1941: W. F. Libby, M. D. Kamen, S. Ruben, G. T. Seaborg, E. 
Segré, J. W. Kennedy, A. C. Wahl, G. Friedlander, I. L. Chaikoff, 
I. Perlman, D. C. DeVault, R. W. Stoughton, 8. G. English, 
M. L. Perlman, W. E. Cohn, and H. S. Brown. 
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basis for much intensive cooperative work with groups 
in various Boston hospitals. 

The evidence indicated that the nuclear chemistry 
work ought to be integrated well with the chemistry 
department’s program, especially that in inorganic 
chemistry, that it should be taught with the minimum 
of physics necessary to make it understandable, and that 
the course work should be oriented first toward the 
chemical and the applied side to be of benefit to general 
chemical research and to research workers in engineering 
and medicine. 

Nuclear chemistry is taught today in several chan- 
nels. Two lectures are given to the first year chemistry 
course (Course 5.01 taken by all M. I. T. students), 
one with demonstrations of the effects of a, 8, and y 
radiations, neutron activation, and half-life (30s 
Rh! separated by water extraction from Ru’ as 
ruthenium tetroxide in carbon tetrachloride). A senior- 
graduate course in instrumental analysis (Course 5.15, 
taught by Profs. D. N. Hume and L. B. Rogers) con- 
tains a major experiment in radiochemical assay and 
Geiger-counter behavior. An introduction to nuclear 
structure, radioactivity, and to the chemistry of the 
synthetic elements is given in the required senior 
course in inorganic chemistry (Course 5.061 of Prof. 
W. C. Schumb). 

The graduate students in nuclear chemistry and 
those in physical, analytical, and organic chemistry 
who are using radiochemical techniques all report 
their researches in the appropriate graduate research 
seminars in inorganic, physical, analytical, and organic 
chemistry. Indeed, there are three autonomous 
groups of staff and graduate students with major 
emphasis on radiochemistry, namely the inorganic- 
nuclear chemistry group (Coryell-Irvine), the analytical 
group with emphasis on the analytical chemistry of the 
fission product elements (under Profs. D. N. Hume and 
L. B. Rogers), and the organic radiochemistry group 
specializing in tracer studies of organic structures and 
reaction mechanisms (under Prof. J. D. Roberts). 
These groups contain in aggregate about 10 senior 
students doing experimental B.S. thesis work, about 25 
students doing Ph.D. thesis work, about seven post- 
doctoral fellows, and about five technical assistants. 
In addition, radionuclides are used as an important 
research tool by three or four other research groups in 
physical and organic chemistry in the department and 
by numerous groups in metallurgy, food technology, 
mechanical engineering, and biology. 

The Institute founded in 1945 an interdepartmental 
facility known as the Laboratory for Nuclear Science 
and Engineering under the directorship of Prof. J. R. 
Zacharias of the physics department. The associate 


director is Prof. E. R. Gilliland of chemical engineering, 
and the administrative head is Mr. M. M. Hubbard. 
This body acts as a central agency for supporting 
activities in nuclear science, for providing for the con- 
struction and maintenance of heavy equipment, and 
for fostering active collaboration among the research 
staffs of many departments. At the present date, 
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support is considerable in the departments of physics, 
chemistry, electrical engineering, and chemical engi- 
neering, where interests interlock in a program for 
nuclear engineering as well as for nuclear science. 

Many chemistry students, undergraduate and gradu- 
ate, take as electives the junior physics courses in 
atomic physics (Course 8.05, Prof. H. Mueller) and 
introductory nuclear physics (Course 8.06, Prof. M. 
Deutsch), and all take chemistry courses in atomic and 
molecular structure (Course 5.67, Prof. R. C. Lord, 
or Course 5.75, Prof. L. Harris) which prove to be valu- 
able background for nuclear theory. The majors in 
nuclear chemistry take, after the radiochemistry 
course described below (Courses 5.09, Radiochemistry, 
and Course 5.091, Radiochemistry Laboratory), 
several more of the eight graduate courses in nuclear 
physics, especially one on neutron physics and nuclear 
engineering (Course 8.57, Prof.C.Goodman). Thislast 
course is the basis for the development of the well-known 
reviews of nuclear science and engineering edited by C. 
Goodman (9). 

When the number of students with central interest 
in radiochemistry is larger, it is hoped to introduce 
advanced colloquia in nuclear theory for chemists and 
in radioactivity in chemistry. The research interest 
of the graduate students seems to fall about equally in 
the two classes of interest. 

Several of the engineering departments of M. I. T. 
are encouraging their students to take electives in 
nuclear science as a preparation for adaptation to the 
applied fields of atomic energy. The Institute has for 
two years been operating a practice school jointly 
among the three operating plants in Oak Ridge (the 
diffusion and the electromagnetic isotope separation 
plants, and the pile-radiochemical engineering plant 
at the Oak Ridge National Laboratories) where quali- 
fied graduate engineering students with AEC security 
clearance receive 22 weeks experience in industrial 
nuclear operations. This Oak Ridge Practice School, 
under the direction of Prof. J. E. Vivian, is having a 
profound effect on the development of nuclear trends 
in engineering circles. 

Like most of the universities of the country, M. I. T. 
is associated with the research-training program of the 
Atomic Energy Commission’s National Laboratories, 
being officially affiliated with the Brookhaven National 
Laboratory as an active member of the Associated 
Universities, Inc. This bond has been very important 
at the faculty level, and with the start-up of the large 
Brookhaven pile Aug. 22, 1950, and the completion of 
the Hot Laboratories, it is anticipated that fruitful 
exchange will occur at the graduate student level. 
Present hopes to have an unclassified face at the pile 
and to retain an unclassified area in the Hot Laboratory 
make the prospects much more attractive for us and for 
all other research institutions in the Northeast. 


4 Probably based on A. C. Want AnD N. A. Bonner, Editors, 
“Radioactivity Applied to Chemistry,” John Wiley and Sons, 
New York, scheduled for appearance in 1951. ’ 
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LECTURE MATERIAL IN RADIOCHEMISTRY 


The department of chemistry has two courses jp 
radiochemistry intimately interrelated. These are 
Course 5.09, Radiochemistry, with three hours of class 
and three hours of preparation a week for one semester 
(6 units), and Course 5.091, discussed in the next see- 
tion, with three hours of laboratory a week (3 units), 
The lecture course may be taken without the laboratory 
course but the laboratory background is retained by 
detailed discussions of the laboratory experiments jn 
one lecture each week. The pair of courses is offered 
in the fall semester, and it is open to outstanding seniors 
in chemistry and physics, and to graduate students 
who have had physical chemistry laboratory and who 
have had or are taking advanced inorganic chemistry, 

Two outstanding new text books are used for the 
course, that by Friedlander and Kennedy (/0) and 
that by Williams (//). Because of the requirement 
that laboratory work start in the second week of the 
course the lectures start with Chapter VIII of the first 
text and the students receive reprints of a general 
introduction to radiochemical measurement (/2) and 
reading assignments in R. D. Evans’ chapter 1 of the 
Goodman volume I (9). 

The order of presentation of lecture material is given 
in Table 1, together with references to topical papers 
that are stressed in the course. Numerical problems 
are assigned nearly every week and discussed at the 
lecture on laboratory work. The problems are chosen 
to emphasize chemical aspects of nuclear chemistry or 
applications to chemistry or to the laboratory of the 
lecture work (reactions and equilibria involving transi- 
tory or synthetic elements, decay properties of un- 
known nuclides, counter efficiency, separations of 
species in cyclotron targets). The students are en- 
couraged to explore the broad possibilities in research 
of the problems and to experiment with the techniques 
of intelligent estimation and the best methods of com- 
putation. Four examinations of one hour each are 
given in the course. In some terms a paper is required 
of the student covering the nuclear and chemical require- 
ments for the solution of a laboratory problem in 
applied radiochemistry in a field of his interest. 

An effort is made to draw to the student’s attention 
many of the important papers of recent date that repre- 
sent new landmarks in a fast-changing field. Some of 
these are unclassified reports or declassified documents 
(MDDC or AECD)* from the Manhattan Project. or 
the various National Laboratories of the Atomic 
Energy Commission. Others (20,25,26) represent major 
collections of research papers or survey papers of the 
National Nuclear Energy Series, a useful collection of 
information from the wartime work of the Manhattan 
Project, about half of which is now in print.® 


5 Obtainable from the Technical Information Branch of the 
U. 8. Atomic Energy Commission, P. 0. Box E, Oak Ridge, 
Tennessee. 

6 The National Nuclear Energy Series, in eight divisions, is 
published for the Atomic Energy Commission by the McGraw- 
Hill Book Company, New York. 
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The remainder of the literature references of Table 1 
represent papers that go into some detail about subjects 
pertinent to the interests of the instructors of the 
course. Part of the philosophy of this course is that 
nuclear chemists should follow their own interests, 
since the field is the crossroads between well-organized 
nuclear physics and the large variety of fields in engi- 
neering, biology, and medicine where radiochemistry is 
an analytical tool. 


TABLE I 
Sequence of Topics in the Radiochemistry Course 


Reference 


Topic 


The Fundamental Particles 

The Nucleus 
mtaneous Nuclear Trans- 
formation (Radioactive 
Decay ) 

Interactions of Radiation 
with Matter 

Instruments 

Natural Radioactivity and 
Geochemical Problems 


Current magazine articles* 
Evans in (9) 


Coryell (12), Glendenin (13) 


Joliot-Curie (14) 


Laws of Growth and Decay Special Notes 
Nuclear Stability Special Notes, Brightsen (15) 
Nuclear Transformation and 
Electronuclear Machines Irvine (16a, 16b) 
Counting Statistics Jarrett (17) 


Coryell (18), Irvine (19) 

Coryell and Sugarman (20) 

Goodman (9) 

Cohn, Parker, and Tompkins (21) 

Tompkins (22), ACS Sympo- 
sium (23) 


Fission and the Pile 

The Fission Products 

The Nuclear Energy Industry 
lon-Exchange Separations 


Synthetic Elements, Heavy 
Element Chemistry, and 
the Periodic System 

Radiochemical Separation; 
Laws of Carrying 

Chemical Effects of Nuclear 
Transformation (Hot Atom 
Chemistry ) 


Seaborg (24, 25, 26) 
Special Notes 


Libby (27), Edwards and Davies 
28 


Electron Transfer Lewis (29) 
Gamma Rays, X-rays, Criti- 
cal Absorption DeVault (30) 


Isotope Chemistry 
Radiochemistry and 
racer Chemistry through- 
out the Periodic System 


rticles have occurred, 
. Gray) June, 7948; 
Life, Oct. 10, 


* Authoritative papers on fundamental 
for instance, in ‘eu * American (G. 
_ Today (R. P. Feynman) June, 1948; an 


LABORATORY EXPERIMENTS IN RADIOCHEMISTRY 


The laboratory work in radiochemistry is offered as a 
separate course in order that students from other 
departments can take the lectures for credit without 
the laboratory. This division is arbitrary and does not 
reduce the close interrelation between the two courses. 
Three hours a week are assigned to laboratory work 
although it is admitted that the students find it neces- 
sary to devote some more time for preparation and 
report writing. 

Experiments are designed to lead the student gradu- 
ally through the elementary physical principles of 
detection and measurement of radioactivity, radio- 
active decay and chain relationships, f-ray energy 
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measurements, and qualitative analysis of 6 spectra, 
into the chemical problems of fission, activation, nu- 
clide separation, and the behavior of ions at low concen- 
trations. One experiment is devoted to the measure- 
ment of y-ray energies. An outline of the experiments 
performed is given in Table 2. 

The first experiment requires quite an array of radio- 
active materials, all but Sr®® being borrowed, together 
with all available survey instruments for familiariza- 
tion and calibration. In Experiment 2, the students 
prepare a personal reference 6-standard from lead foil 
containing Pb?!°, and study the separation and counting 
of Bi?!® from another sample. 

The last three experiments (10, 11, and 12) are op- 
tional at the present time. They allow the student 
with advanced interests an opportunity for additional 
work. New experiments will be added to this group, 
and as experience dictates they will be moved up into 
the required group as additions-or substitutions. 

Electronic equipment for the course consists of six 
Geiger-Mueller (G-M) counters and scaling units. 
Four of these are research equipment but are reserved 
reostly for course use two afternoons each week for 
most of the term. The counters are commercial units 
from various manufacturers housed in standard shields 
as described elsewhere (12). The scalers are simple 
binary scale-of-128 constructed in the electronic shop 
of the Laboratory for Nuclear Science and Engineering. 

Three Lauritsen electroscopes are used in the stand- 
ard manner (12). They all have thin aluminum 
windows for 6-ray measurement. A G-M flow-type 
counter with sample holder inserted is available and is 
used for the measurement of very soft 8-radiation. A 
scintillation counter assembly is under construction. 
This is a flexible unit designed for a, 8, and y-ray 
counting. Integral and differential pulse height dis- 
crimination will be possible with the equipment. 

Survey meters and personnel monitors are provided 
by the Health Physics Division of the Medical Depart- 
ment of M. I. T. The students wear radiation meters 
only when working with the neutron source or at the 
cyclotron. The development of the responsibility of 
each radiochemist to himself, his colleagues, and to his 
instruments and experiments is made a cornerstone of 
the teaching. Since the Geiger-Mueller counters are 
more sensitive by a factor of far more than a thousand 
to activity than is a living organism,’ personnel are 
automatically protected by the precautions that lead 
to reliable measurement. In the five years of our 
experience no case of significant personnel contamina- 
tion or no case of serious contamination of counters 
or absorbers has occurred. The counting room is sep- 
arate from the laboratory, and no uncovered sample may 
be brought into it. 

Radioactive material needs for the laboratory course 
are not large. Estimates of these needs are given in 


7A y-radiation field giving 6 milliroentgens per hour (a con- 
servative current value for the maximum permissible dose for an 
8-hr. day) will give over 300 counts per second in an ordinary 
Geiger-Muller counter. 


= 
ATION 
in 
are 
f clas 
mester | 
Kt sec. 
nits), 
ratory 
ed by 
nts in — 
dents | 
Listry, 
the 
) and 
f the 
first 
neral 
) and 
f the 
viven 
apers 
lems 
t the 
ry or 
ansi- 
| 
en- 
arch 
ques 
are 
‘ired 
1ire- 
tion 
pre- 
e of 
ants 
or 
mic 
the 
1 of 
tan 
the 
ige, 
aw- 


18 


Table 2. As can be seen, natural radioactive sources 
and radionuclides obtained from the Isotopes Division 
of the AEC constitute the bulk of material used. A 
good neutron source of some type is necessary for some 
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of the experiments. The chemistry department owns 
a Ra-Be neutron source containing approximately 
100 mg. of radium. Advantage also has been taken of 
a 1-g. Ra-Be source rented by one of the physics rp. 


TABLE 2 
Outline of Experiments for the Radiochemistry Laboratory 


Title | 


Objectives 


Radioactive material 
for 12 students 


Special equipment 


Health Physics Instru- 
mentation 


Introduction to Tech- 
niques of 6-ray Count- 
ing 


Activities in Equilibrium 
wi Uranium and 
Their Use for Calibrat- 
ing 6-ray Counting As- 
semblies 


Use of the Lauritsen Elec- 
troscope and Compari- 
son with the G-M 
counter 


Study of the 
Chain 


Iodine and Barium Fis- 
sion ucts 


Neutron Activations 


Coseparation with Hy- 
drous Precipitates 


Use of personnel monitors 

Calibration of survey meters 

Verification of inverse square law 

Measurement of 6-ray scattering 

Comparison of relative a- and B- 
ray ionization 


Use of the Geiger-Mueller counter 
and scalar for quantitative meas- 
urements 

Determination of Al absorption 
curve for Bi?!® 

Preparation of sources for counting 

Effects of material of source mount 
on counting 


Quantitative separation of Th?*4 
from UO.(NO;)2 solution 

Use of Th?*4-Pa?*4 source for cali- 
brating counting assembly 

Solvent extraction separation of 
Pa?#4 from UO.Ch solutions 

Determination of long half-life 
(Th?4) by decay, and short half- 
life (Pa?*4) by growth and by 
decay 


Determination of the linearity and 
sensitivity of the electroscope 

Comparison of sensitivity with 
that of the G-M counter 


Separation of these two nuclides by 
precipitation of Ce(IO;), 

Measurement of the half-life of 
Pr!44 by growth and decay curves 

Analysis of a complex Al-absorp- 
tion curve for 8-ray energy de- 
terminations 


Isolation of radioiodine from fis- 
sion product mixtures 

Analysis of complex decay curve 
to determine half-life of 1134 

Separation and decontamination 
of Ba'*° from fission product 
mixture 

Determination of fission rate from 
and Ba!” activities 


Analysis of complex f-ray decay 
curve of Ag!8-Ag!10 

Determination of the relative neu- 
tron-capture cross section of 
Ag"? and Ag!“ 

Concentration of a radionuclide by 
the Szilard-Chalmers reaction 
Measurement of the efficiency of 
this eg for Mn** from 

KMn 4 


Measurement of the amount of 
Ba‘ carried on LaF; precipi- 
tates as a function of Bat*+ pre- 
sent, temperature of precipita- 
tion, and age of precipitate 


Four radium standards, 1 to 
5 mg. 

Co® source ~0.5 me. 

Two 8-ray sources 
~10 ue. 

Pb?!° source 0.5 uc. in equi- 
librium with Bi?! and Po? 


1 ye. (specific activity 
200 mg./uc.) in equilibrium 
with Bi?!° 


3 g. of U in a standardized 
solution of UO.(NOs;)z 


8 3 of U as HCl solution of 
O.Cl in sealed plastic 
tube with hexone. 


5 we. Ce!4 in equilibrium with 
Pri44 


Same as for Experiment 4 


10 g. of U as UO.(NO;), irrad- 
iated in neutron flux ~108 
for 1-2 hr. 


or 

500 g. of U as UO.~NO;).- 
6H,O irradiated with 1 g. 
a neutron source for 4 
r. 


0.1 g, Ra-Be neutron source, 
1 g. Ra-Be neutron source, 
or the cyclotron 


1 we. Ba™® in equilibrium with 
La? 


Pocket ionization cham. 
rs, film badges (wrist 
type), survey instru. 
ments (electroscope, elec. 
trometer, and G-M 


counter types) 


G-M counter, standard 
shelf arrangement, am- 
lifier-scalar (64 or 
arger), lead shield 


G-M counter equipment 


Lauritsen electroscopes, G- 
M counter equipment 


G-M counter equipment 


G-M counter equipment 


G-M counter equipment 


G-M counter equipment 
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TABLE 2 (Continued) 


curve (Al) for 8 to y counting 

| ratio 

Determination of the effects of 

geometry on y-ray counting and 
absorption 


Use of cation exchange resin for 
the separation of carrier-free 
La! from Ba! 

| oman of the effect of pH 

agents on the 

affinity o ions for the resin 


10 | Chemical Separations by 
Ion Exchange 


Determination of the effect of self- 
in the counting of 
samples of C 

Comparison of ‘the counting effi- 
ciency of standard G-M counter 

with windowless G-M counter 


11 | Some Problems in Meas- 
uring Low Energy Radi- 
ation 


Electrochemical separation of car- 
rier-free Cu from bombarded Ni 

Solvent-extraction separation of 
Co from Ni 

Determination of the thick-target 
yields for several deuteron reac- 


Cyclotron Target Sepa- 
rations 


Radioactive material 
Title Objectives for 12 students Special equipment 
: oe The Analysis of y-ray | Determination of y-ray energies by | 20 ue. Co* G-M counter uipment 
Data Pb absorption curves 20 yc. 
Construction of 6-ray absorption | 20 ye. Ba | 


60 Ba'-La! mixture | G-M_ counter equipment, 
(carrier free) G-M survey counter, 
solution counter 


G-M counter equipment, 


5 we. C4 as Na,CO; 
windowless counter 


| 
10-minute deuteron bombard- | G-M_ counter equipment 


ment with cyclotron 


tions 


search groups. The cyclotron provides the best neutron 
source available here and has been frequently used. 
Its higher neutron flux (~108n/cem.?/sec) simplifies 
several experiments, but it is essential only for No. 12. 

The laboratory space for the course is a standard 
laboratory bay designed originally for organic classes 
and it is used without modification. Standard labora- 
tory equipment is used for all of the experiments. 

One teaching fellow and a part-time laboratory 
technician assist in the laboratory. The teaching 
fellow supervises the preparation for the experiments 
and assists in conduct of the laboratory. He also sub- 
divides the radioactive stock solutions to levels below 
the hazardous. The technician prepares reagents and 
services the electronic equipment, making minor repairs 
and adjustments. Major repairs are made in the elec- 
tronics shop. 

The class is divided into two laboratory sections of 
six each, so that each student has his own counting 
equipment. Most experiments are conducted indi- 
vidually but occasionally the students work in pairs. 
Experiments 8 and 9 are divided so that each student 
does part of the experiment and then combines his re- 
sults with others in his section to prepare a complete 
laboratory report of the experiment. 

The key to the low expense’ of this laboratory course 


8The materials listed in Table 2 that are purchased from the 
Isotopes Division of the AEC are: 5700y C"*, 5.3y Co®, 25y, Sr™, 
and 275d Ce'4. The short-lived species 8.0d I'*! can usually 
be borrowed and returned. The 12.8d Ba’ must be ordered 
each semester. The 22y Pb?” in lead foil used for Experiment 
2 was prepared by diluting Pb*” from old radon seeds with 
ordinary lead. 


is the availability of counters and health-physics equip- 
ment from research channels for the small fraction of 
the working time that they are used for education. 
The accumulation of long-lived radioactive sources over 
the years cuts operating costs for radioactivity to a low 
level. It is possible that the Isotope Division of the 
Atomic Energy Commission can be persuaded to pre- 
pare an educators’ packet of several radionuclides and a 
60d Sb'!*4-beryllium-metal neutron source if many 
schools indicate their interest. 

The authors have learned a great deal in the working 
up of the material for this course and still notice con- 
siderable growth each year in the lecture work and in 
the handling of the laboratory. The students find 
that radiochemistry is not simple and that its results 
are not very precise unless they give great attention to 
technique. The experiments are not outlined in great 
detail for them, or the manner of expected write-up 
specified minutely, because it is deemed important to 
develop a sense of initiative. Although the experi- 
mental work is limited to 6 and y counting, they have 
been exposed to all principles of radiochemistry except 
micro-manipulations for the highly specialized field of 
a emitters, almost all of which are hedged by secrecy 
restrictions. It is felt that this course has found a 
permanent place in the program of teacbing and research 
at M. I. T., and that it has found a fairly stable form. 
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NOMINATIONS FOR THE JAMES FLACK NORRIS AWARD FOR OUTSTANDING sipiaieenean | IN THE 
TEACHING OF CHEMISTRY 


The Board of Directors of the Northeastern Section of the 
American Chemical Society have voted to call for nominations 
so that the first grant of the James Flack Norris Award may be 
made at the meeting of the Section on May 10, 1951. Nomina- 
tions, accompanied by ample supporting evidence of the achieve- 
ments of the nominee, should be sent to any one of the members 
of the following Canvassing Committee: 


Ernest C. Crocker, Chairman, Arthur D. Little Company, Cam- 
bridge, Massachusetts. 

Hubert N. Alyea, Princeton University, or New Jersey, 

Samuel T. Arnold, Brown University, Providence, Rhode Island. 

Paul D. Bartlett, Howard University, Cambridge, Massachu- 
setts. 

James A. Campbell, Oberlin College, Oberlin, Ohio. 

Helen W. Crawley, Walnut Hill School, Natick, Massachusetts. 

Edwin R. Gilliland, Massachusetts Institute of Technology, 
Cambridge, Massachusetts. 

Harold A. Iddles, University of New Hampshire, Durham, New 
Ham 

John A. Timm, Simmons College, Boston, Massachusetts. 


The nominations, which should be submitted immediately, will 
be transmitted by the Canvassing Committee to the Award 


Committee. The personnel of the latter committee is kept secret. 

The James Flack Norris Award shall be made for outstanding 
achievement in the teaching of chemistry, particularly when 
demonstrated at college and secondary school levels rather than 
shown in the direction of research. The award is given in mem- 
ory of the late James F. Norris in accordance with the wishes of 
the late Mrs, Anne C. Norris who left a substantial bequest to 
the Northeastern Section to be used to perpetuate the memory of 
her husband. 

Professor Norris was a student of Ira Remson, one of chem- 
istry’s greatest teachers. He gained his outstanding reputation 
as a chemistry teacher at Harvard and Clarke Universities, as 
Professor at Vanderbilt University and Simmons College, and at 
the Massachusetts Institute of Technology where he became 
Director of the Research Laboratory of Organic Chemistry. He 
was chairman of the Northeastern Section, was twice President 
of the American Chemical Society, and served on its Board of 
Directors for eleven years. He was also interested in the appli- 
cations of chemistry to industry and served frequently as an in- 
dustrial consultant. 

The award comprises both a sum of money and a scroll suitably 
engrossed with an appropriate citation. It is the intention of the 
Northeastern Section to give this award biennially in years alter- 
nate with the Richards Medal for achievement in research. 
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A rrainine program for four-year level graduates in 
scientific and engineering courses was initiated in 
January, 1950, at the Hanford Works, the 400,000-acre 
plutonium production plant in southeastern Washington 
which is operated by the General Electric Company as 
prime contractor for the U. 8. Atomic Energy Com- 
mission. This is an on-the-job training program in 
which graduates in chemistry, physics, metallurgy, 
chemical engineering, mechanical engineering, electrical 
engineering, and industrial engineering are assigned 
to work in the several plants and laboratories in a series 
of three-month successive assignments before definite 
placement in a particular type of work. In addition 
toa major program of production of plutonium, there 
are major requirements for applied research or develop- 
ment, design and service activities to support this pro- 
duction requiring a large number of technical trained 
personnel. Thus, the activities for technical men range 
from applied research through the advanced develop- 
ment of new ideas, processes and materials, to specific 
design of new equipment, plants and facilities, as well 
as the operation of the plutonium-producing plants. 
Consequently, all types of skills, aptitudes, and interests 
are required in the various scientific and administrative 
activities. Rotational training to assist young engi- 
neers and scientists to acquaint themselves with the 
many types of work in the plants and laboratories is 
thought to be new to atomic energy installations. 
However, this type of training for new graduates has 
been used by General Electric for sixty years in its 
commercial installations. 

The objectives of the Rotational Assignment Train- 
ing Program are as follows: 


1. To explore and develop the interests of the young 
graduate fresh from the college and university 
atmosphere and to assist the graduate in the 
transition to the industrial environment. 

2. To establish a firm basis for permanent placement 
of the graduates in the operating, design, and 
development divisions at the Hanford Works. 

3. To fill positions with men who are both qualified 
and interested in a particular assignment. 

4. To show the graduates how the basic concepts 
learned in college are applied in this industry. 

5. To provide the incentive and means for advance- 
ment. 

6. To maintain a more effective work program and 
more satisfied employees. 

7. To give the new graduate a better comprehension 
and understanding of the entire operation. 


ROTATIONAL TRAINING ASSIGNMENTS IN 
THE ATOMIC ENERGY INDUSTRY 


R. E. CURTIS 
General Electric Company, Richland, Washington 


8. To provide a department-wide pool of manpower 
to fulfill new or sudden requirements. 


Graduates selected to receive this specialized training 
are carefully chosen from the universities and colleges. 
Generally, in this selection inherent traits such as 
integrity, initiative, industry, persistence, fairness and 
skill in human relations, and the ability to work effec- 
tively with others are required. In this selection, scho- 
lastic attainment generally serves as some guide to the 
ability of the student to grasp and analyze problems. 

Upon reporting for assignment on the program at 
Hanford Works, the new graduate is carefully inter- 
viewed to determine his interest, and his first assign- 
ment of three months is usually made on a basis of the 
graduate’s expressed preference for a type of work, 
i. e., development, design, production, or service activi- 
ties. After a period of 2 to 2'/, months on an assign- 
ment the graduate is again formally interviewed to 
determine whether his initially expressed interest is 
still dominant or whether new interests have developed. 
The placement in the second assignment is then based 
upon these developing interests. This interview pro- 
cedure is then repeated at the end of the second three- 
month assignment and again during the third three- 
month assignment; thus, the graduate has had a chance 
to fully express his interests as they may have developed. 
Useful work is performed by the trainees during each 
three-month assignment, during which an adequate 
comprehension of the work, responsibilities, and the 
functions of a particular division is attained. His work 
performance on each of these assignments is rated by 
supervisory or other personnel in responsible postions 
who know the quality of the graduate’s work perform- 
ance. ‘Traits or characteristics which are rated are as 
follows: industry, judgment, analytical ability, de- 
pendability, initiative, creative ability, perseverance, 
business consciousness, leadership, personality, and 
loyalty. These ratings are discussed with the graduate 
in a friendly progressive manner so that he may be 
aware of the traits which should be helpful in his ad- 
vance as well as those which he should endeavor to 
improve. 

Informal contacts are made with the graduates on the 
job by the training-program supervision in addition to 
the formal contacts previously mentioned. Also, con- 
tacts are made with supervision to assure that the 
assignment responsibilities are maintained at a level to 
fully utilize the graduate’s capacity to do useful work. 
An effort is made to answer all the graduate’s questions 
as completely as possible at all times and every effort 
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is made to make him feel that he fully belongs to the 
division to which he is assigned. 

At the conclusion of the several assignments, every 
effort is made to place the graduate in the type of work 
for which he expresses his strongest preference. Gen- 
erally, this work preference directly correlates with the 
work performance ratings. 

Careful long-range forecasting of the manpower needs 
of the operating, service, design, and development divi- 
sions is required, so that the needs of these divisions 
may be adequately filled at the conclusion of an individ- 
ual’s training period and to insure each man an oppor- 


Swe ion exchange has reached importance as a tool 
of both fundamental and industrial chemistry, it is de- 
sirable that some time be devoted to this subject in 
undergraduate courses. To this end, an important part 
of the course in advanced inorganic chemistry in this 
department has been devoted to the fundamentals and 
applications of ion exchange. The experiments described 
in this paper have been used in the laboratory to illus- 
trate typical applications of ion exchange columns. 
Experiments on the fundamental properties of an ion 
exchange resin have been described by Connick and 
Powell.” 

The experiments presented here demonstrate the 
softening of water, the recovery of a metal from dilute 
solution, and the separation of similar metal cations. 
The columns used are easily prepared from laboratory 
burets. 

The experiment on water softening, besides demon- 
strating the difference between untreated tap water and 
water which has passed through the column, illustrates 
the exhaustion and regeneration of a column. The re- 

covery experiment removes lanthanum ion from a very 

dilute lanthanum nitrate solution and elutes it with 

hydrochloric acid, demonstrating in addition the con- 

version of a nitrate to a chloride. Almost any cation 

exchange resin is suitable for these experiments; Am- 

berlite IR-100, Nalcite HCR, Amberlite IR-120, and 

Zeo-karb-H have been used. Amberlite IRC-50 is es- 

pecially suitable for the lanthanum experiment, since 

very little acid is needed for the elution. 


1 Presented in part at the Southeastern American Chemical 
Society Regional Meeting, Oak Ridge, Tennessee, June 11, 1949. 
Connick, R. E., anp R. E., 11, ‘Chemistry 120 Sylla- 
bus,” University of California, Berkeley, 1948, p. 37. 
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tunity. To assist the divisions in selecting graduate, 
from the training program, complete personnel records, 
including personal data, education, work performanee 
ratings, interest preference, and records of interviews 
are maintained. 

In summary, this program is designed to further de. 
velop graduates whose abilities, interests, and effective. 
ness will form a strong nucleus in the future organiza. 
tion. Perhaps the most important result is that each 
new graduate can feel that his own choice and perform. 
ance largely determine what his first responsible post. 
training position will be. 


STUDENT EXPERIMENTS ON ION EXCHANGE: 


SIGFRED PETERSON 
College of Arts and Sciences, University of Louisville, 
Louisville, Kentucky 


Cadmium and copper were chosen as cations to illus- 
trate the techniques which have been applied to separa- 
tions of rare earths and other sets of similar metal cat- 
ions.* Both cations are readily obtained and easily dis- 
tinguished from each other by the simple tests used in 
elementary qualitative analysis, yet the solubility and 
complex-ion forming properties of the two ions are 
qualitatively quite similar. Like different rare earth 
cations, these two cations differ sufficiently in their 
tendency to form citrate complexes that they may be 
selectively eluted by citrate solutions from a cation ex- 
change column. 

To obtain a good copper-cadmium separation in a 
small column requires a high-capacity strong acid type 
resin such as Amberlite IR-120 or Nalcite HCR 
(Dowex-50). While both these resins have been used 
successfully in these experiments, the experimental de- 
tails given are those worked out with the latter. The 
column must be in the salt form (sodium or ammonium) 
rather than in the acid form—else the acid of the column 
destroys the citrate eluant. 

Preparation of the Column. Above the stopcock in a 
50-ml. buret place a wad of glass wool just large enough 
and packed enough to prevent resin particles from enter- 
ing the stopcock. Stir up the resin to be used with dis- 
tilled water and pour the suspension into the buret. 
Leave the stopcock open so the excess water can run 
out. The resin will settle to the bottom of the buret. 
Continue pouring resin suspension into the buret as the 
water runs out, until there is enough resin to fill the 
buret to about 5 inches from the top. During this pro- 

3 See, for — E. R. Tompxins, J. Am. Chem. Soc., 70, 

H. 


3520 (1948); B anv G. E. Boyp, Ibid., 69, 2800 
(1947). 


quired 
solutic 
in wat 
and di 

Pro 
the res 
discar 
ably 
two 5 
with ‘ 
other 
time t 

If a 
the sa 
the ce 


4 
22 
JANU A! 
| 
cedure 
water | 
of the 1 
di 
a, 
acids, 
acid. 
cium 2 
cium). 
AN 
change 
i 
interfe 
placing 
hardne 
with a 
Soa} 
+ 
water. 
pad 
Cae the re 
from 
colum 
3 gra: 
wash 
previ 
Cat+ 
equil 
T 
ore 
NaCl 
the et 
colun 
Us 
f 
orm. 


SATION 


uduates 
ecords, 
rmance 
rviews 


her de. 
ective. 
saniza. 
each 
rform- 
> post. 


JANUARY, 1951 


cedure and all subsequent work with the column the 
water level must not be allowed to drop below the top 
of the resin bed, since removing air from the resin bed is 
very difficult. While the resins are resistant to dilute 
acids, it is best that the column never be left filled with 


acid. 
SOFTENING OF WATER 


Hardness in water is caused by the presence of cal- 
cium and magnesium ions (in Louisville, largely cal- 
cium). It can be removed by passing the water through 
a column of the sodium form of almost any cation ex- 
changer (not the hydrogen form, since hydrogen ion 
interferes with the soap test), sodium from the resin re- 
placing the calcium or magnesium in solution. Water 
hardness can be demonstrated qualitatively by the pre- 
cipitation test with oxalate, semiquantitatively by test 
with a standard soap solution. 

Soap Test for Hardness. 'Titrate 50 ml. of water with 
standard soap solution until as good a lather is obtained 
as with 1.00 ml. of soap solution and 50 ml. of distilled 
water. The harder the water the greater the volume re- 
quired; soft water requires 1.00 ml. The standard soap 
solution is prepared by suspending 20 gm. of pure soap 
in water, adding 500 ml. of alcohol (ethyl or isopropyl), 
and diluting to one liter. 

Procedure. Prepare a column of the sodium form of 
the resin to be used. Run tap water through the column 
discarding the first 20 ml. of effluent which was prob- 
ably held up in the column at the start. Then collect 
two 50-ml. samples of the effluent. Test one for Ca++ 
with 2 ml. of saturated ammonium oxalate; test the 
other for hardness using the soap test. At the same 
time test similar samples of untreated tap water. 

If an indefinitely large volume of water is treated by 
the same column, eventually such a large proportion of 
the cations on the resin will be Ca++ and Mgt* that 
the resin no longer is effective for removing these ions 
from the water. To illustrate the depletion of the 
column pour through the column a solution containing 
3 grams of CaCl: and follow with sufficient water to 


| wash off any Ca++ not picked up by the resin. Then 


collect two 50-ml. samples of column-treated water and 
test for hardness and Ca++, comparing results with the 
previous results. 

The column can ‘be regenerated by removing the 
Ca++ with concentrated NaCl solution, reversing the 
equilibrium: 


+ 2NaR = 2Na* + 
(R = one equivalent of resin anion) 


To regenerate the column, pass 200 ml. of saturated 
NaCl solution through the column. Test a portion of 
the effluent for Ca++. After the column is treated with 


NaCl solution and washed, again test samples of 
column-treated tap water for hardness and Ca++. 


RECOVERY OF A RARE ELEMENT 


Use a column which is completely in the hydrogen 
form. Pass through the column 200 ml. of lanthanum 


nitrate solution (100 mg./l). Test the effluent with 
litmus paper and interpret the result. Wash the column 
with 50 ml. of water and then with 100 ml. of hydro- 
chloric acid. Collect the effluent from the latter and 
evaporate to dryness. The white solid is lanthanum 
chloride. If the residue is too bulky for the quantity of 
lanthanum expected, it is probably sodium chloride 
present because the resin was not completely in the 
acid form at the start of the experiment. 


SEPARATION OF SIMILAR METAL CATIONS 


This experiment is based on the fact that citrate 
complexes of Cu++ and Cdt* are not equally stable, 
so that one of these cations is removed from the column 
more rapidly than the other by citrate solutions. Con- 
centrations of diammonium citrate greater than that 
recommended will complex both ions to the extent that 
they will be eluted together and not separated. The 
second ion should be eluted with ammonium chloride 
rather than hydrochloric acid if the column is to be used 
again for this experiment, even though the acid is the 
more effective eluting agent. 

Test for Copper. To a few milliliters of the effluent 
add a few drops of 0.5 M potassium ferrocyanide. A 
wine-red precipitate indicates the presence of copper. 

Test for Cadmium. Make 1 ml. of the effluent alkaline 
with ammonia and dilute to 10 ml. If copper is present 
add 0.5 M potassium cyanide until the solution is color- 
less. Saturate with hydrogen sulfide. A yellow pre- 
cipitate indicates the presence of Cadmium. 

Procedure. Use a column which is filled with 
Nalcite HCR (Dowex 50) in the sodium or ammonium 
form. If the resin has not previously been used, it is 
probably in the sodium form. If it is in the hydrogen 
form it may be converted to the ammonium form by 
passing 200 ml. of saturated ammonium chloride 
through the column. 

Pass 50 ml. of 0.20 M diammonium citrate through 
the column to “pretreat” the column, that is, to make 
the H+-NH,* balance in the column the same as during 
the separation. Add to the column 10 ml. of a solution 
0.05 M in cadmium nitrate and 0.05 M in copper ni- 
trate. Follow this with 0.20 M diammonium citrate, 
collecting 50-ml. samples of effluent. Test each effluent 
sample for Cut+ and Cd++. When the ion eluted no 
longer appears in the effluent (probably after four 
samples) substitute either 3 M hydrochloric acid or 
saturated ammonium chloride for the citrate solution 
and continue taking 50-ml. samples and testing for the 
ions until the second ion has been removed from the 
column. 
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a ARTHUR STOLL 


ArTHUR STOLL, internationally known organic chemist, 
was born at Schinznach (Aargau) Switzerland on Janu- 
ary 8, 1887. He entered the Eidgenossische Tech- 
nische Hochschule at Zurich in 1906. Even before his 
training was complete, Willstatter accepted young Stoll 
into his research laboratory and entrusted him with in- 
vestigations on chlorophyll, particularly the enzymatic 
cleavage with chlorophyllase. Further studies dealt 
with the nature of the cleavage products, the chloro- 
phyllides, and their separation into components a and 
b. The diploma of the E.T.H. was conferred in 1910, 
and the doctorate in 1911. The next year, Dr. Stoll 
accompanied Prof. Willstatter to the newly erected 
Kaiser Wilhelm Institut in Berlin-Dahlem, and again in 
1916 to the University of Munich, where Willstatter 
was succeeding Adolf von Baeyer. During the first 
world war Stoll continued his work on chlorophyll and 
later he took up its function in green leaves and its part 
in photosynthesis. Two books were published jointly 
with Willstatter, namely ‘Untersuchungen tiber Chloro- 
phyll” (1913) and ‘Untersuchungen iiber die Assimila- 
tion der Kohlensaure” (1918). 

During his Munich period, Stoll also studied peroxi- 
dase, and these researches formed the beginning of 
Willstatter’s extensive investigations on enzymes. 
Stoll’s long association with Willstatter had ripened 
into close friendship, and it was most fitting that he 
should be entrusted with the publication (1949) of 
Willstatter’s “‘Aus meinem Leben.” 

In 1917 Dr. Stoll accepted an offer to go into indus- 
try, to found and direct a new pharmaceutical depart- 
ment in Sandoz, Inc., the well-known Basle firm. Here 
for the past thirty years he has been busy with the basic 
idea of using the methods worked out in connection 
with chlorophyll and enzymes for the study of other 
sensitive natural substances which might be of medical 
value. 

As early as 1918, he had isolated the pure alkaloid 
ergotamine, and thus opened a new and interesting 
chapter in ergot chemistry. Six pairs of ergot alkaloids 
have now been isolated: ergotamine-ergotaminine; 
ergosine—-ergosinine; ergocristine—-ergocristinine; ergo- 
kryptine-ergokryptinine; ergocornine—-ergocorninine; 
ergometrine-ergometrinine (ergobasine-ergobasinine). 
Only the second pair was discovered outside of the San- 
doz laboratory; the last pair was isolated simultane- 
ously by Dudley (England), Kharasch (Chicago), 
Thomson (Baltimore), Stoll (Basle). 

The laboratories directed by Stoll have contributed 
greatly, especially during the past 10 years, to the 
knowledge of the constitution of the ergot alkaloids, 
which have been shown to be polypeptides. Among the 
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derivatives of the natural ergot alkaloids, the less toxic 
dihydro alkaloids offer great promise; they exert pov. 
erful action on the autonomic nervous system. The 
field of application of ergot derivatives, originally lim. 
ited to obstetrics and gynecology, has now been ex. 
tended to internal medicine, neurology, psychiatry, and 
still other branches of medicine. This expansion has 
been made possible through fundamental studies of the 
chemistry of these highly active materials, and espe. 
cially by the isolation of the pure alkaloids, and the 
preparation of derivatives, either by hydrogenation or 
partial synthesis. Examples of the latter are methyl 
ergobasine and lysergic acid dimethylamide. 

The Sandoz laboratories for the past 30 years have 
been actively interested also in the cardioactive glyco. 
sides. The first success in this field was the isolation 
from squill bulbs, of the glycosides scillaren A and scilli- 
roside; the latter is also a potent rat poison. The 
recognition by Stoll that most of the cardiac glycosides 
known prior to 1930 are products of the enzymatic 
degradation of natural glycosides having a higher sugar 
content, led to the discovery of a series of ‘genuine’ gly- 
cosides, 7. ¢., the glycosides as originally present in the 
plant. They were obtained from Digitalis lanata (lana- 
tosides A, B, and C), Digitalis purpurea (purpurea gly- 
cosides A and B), the seeds of Strophanthus kombé (k- 
strophanthoside), etc. The Sandoz laboratory has 
played an active part in elucidating the constitution of 
the cardiac glycosides. As a result of these studies by 
Stoll and his associates a whole series of genuine glyco- 
sides has now been introduced into therapy. 

Interesting new discoveries have come also from his 
studies of alliin, the specific principle of garlic oil, and 
the isolation of sennosides A and B, the chief active 
principles of senna leaves. The structures of alliin and 
of the latter glycosides have been successfully deter 
mined. 

In the early 1930’s Dr. Stoll turned once again to 
chlorophyll chemistry. He made valuable contribu 
tions to the fine structure of the chlorophyll molecule. 
Later, his interest centered on the state of the chloro- 
phyll in the chloroplasts and, with the aid of his associ- 
ates, showed that it is present as a chromoprotein, 8 
complex similar to that of the blood pigment in heme 
globin. In chloroplastin, a name coined by Stoll, the 
linkage between the pigment and the protein is much 
looser than in hemoglobin. The extreme lability of 
chloroplastin and the size of its particles make these 
studies, which are still under way, extremely difficult. 

Dr. Stoll’s work has been given widespread recogni- 
tion. Besides ten honorary doctorates (medicine, 
pharmacy, technical sciences, etc.) conferred by schools 
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in various countries, and honorary membership in 
earned societies, he holds such important awards as the 
Marcel Benoist Prize (Switzerland, 1943); Flickiger 
Gold Medal of the Swiss Pharmaceutical Society 
(1943) ; Chevreul Medal of the Society of Chemical In- 


Science teachers who are 
charged with the responsi- 
bility of preparing and ar- 
ranging periodic exhibits in 
the hall wall cases of their 
schoolsknow what a difficult 
and time-consuming job itis. 
It requires alertness, prep- 
aration, skill, thoughtful 
arrangement, and instruc- 
tive labeling, and a constant 
search for ideas for inter- 
esting and provocative 
displays. A science exhibit 
must achieve several worth- 
while aims. In the first 
place it should be interest- 
ing, attractive, and enter- 
taining. Secondly, the ex- 
hibit should be instructive to 
those who stop to look and 
tolearn. Itshould arouse a 
desire to find out more about 
the principles, processes, 
facts, materials, or ideas 
presented. Third, a good 
exhibit should serve as an advertising medium not only 
for the science course from which it was drawn but for 
all science courses offered in the school curriculum. It 
can and will sell science to the general, commercial, and 
college-preparatory students. 


An attractive display, entitled ‘Metals and Metal 
Alloys Used in the Home,” was the center of attraction 
for several weeks. On display were copper utensils, 
chrome-plated sugar bowl and creamer, stainless-steel 
kitchen utensils and tableware, sterling silver and silver- 
plated tableware, aluminum pots and pans, pewter 


dustry (France, 1946); Pasteur Medal of the French 
Biochemical Society (1948). He is now (1950) President 
of the Conseil de la Chimie Suisse, and has been nomi- 
nated Extraordinary Professor at the University of 
Mexico. 


LOUIS PANUSH 
Central High School, Detroit, Michigan 


Alloy Exhibit! 


pitcher and serving dish, a bronze bell, brass candle- 
sticks and coffee pot, tin cans, hammered copper and 
oxidized silver bowls, and other objects found in the 
home. Each item was identified by a card with a brief 
description of the composition of the alloy, the proper- 
ties which make it particularly useful, and other inter- 
esting information about the metal or alloy. It is 
planned to follow this exhibit with similar ones on func- 
tional plastics, glassware, and ceramics. 


1 Prepared in cooperation with Mrs. Margaret C. Teal of the 
C.H.S. Chemistry Department. 


25 
toxic 
pow- 
The 
y lim- 
N 
and 
n has | 
of the 
CE EXHIBITS 
espe- SCIEN 
d the 
ethyl 
have 
lation 
| 


* A COURSE ON THE DETERMINATION OF 
ORGANIC COMPOUNDS 


Recentiy two symposia (/, 2) have been given in 
which the need for instruction in organic analytical 
chemistry was stressed. It is also evident from the ease 
with which students trained in quantitative organic 
analysis may be placed. Modern organic research also 
demands a knowledge of the subject and preferably 
practical experience in its application. A discussion of 
the program at Michigan State College is offered to help 
other institutions which may be thinking of such a 
program avoid the difficulties which of necessity plague 
a course in a new subject. 

The term “quantitative organic analysis” includes 
at least three different approaches to the estimation of 
organic substances as follows: 


1. Elemental analysis 
2. Determination of functional groups 
3. Determination of compounds 


Elemental analysis is a good descriptive term for analy- 
ses based on the determination of carbon, hydrogen, 
oxygen, halogen, sulfur, etc., whether it be on a micro, 
semimicro, or macro scale. The determination of 
functional groups suggests an estimation of amino, 
carboxyl, hydroxyl, carbonyl, etc., groups regardless 
of the compounds present. The determination of 
organic compounds, on the other hand, will include the 
functional group determination and in addition will 
attempt to describe the sample in terms of compounds. 
The determination of compounds will therefore be based 
not only on the functional group but also on the remain- 
der of the molecule. As a result, training in the deter- 
mination of compounds will serve as an integrating 
process for analytical and organic chemistry and not 
merely as a memory course in procedures: 

The teaching of organic analysis may be done with 
several objectives in mind. The more reasonable ones 
may be summarized as follows: 


1. The correlation of organic theory and analytical 
practice. 
2. The integration of reactions of organic compounds 
on an analytical basis. 
3. Extension of the scope of organic chemistry by the 
instruction of less familiar reactions. 
4. Extension of the scope of analytical chemistry. 


It is unreasonable to consider the increase in laboratory 
experience as one of the main objectives because rela- 
tively little new laboratory manipulation can be intro- 
duced. In general, objectives 1 and 2 have received 
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the most emphasis of the program because the student De 
usually needs to apply analytical thinking to the organic Formald 
problem. This point of view is in agreement with the § Methy! 
philosophy that chemical education should train chem. di 
ists and not technicians. These two objectives will als = 
force the student into a development pattern which will 
not be completed when the program ends but will provide | —— 
the factual basis and the thought pattern for the soly- a, 
tion of other problems as they occur. ae F 
THE PROGRAM 
The proper development of organic quantitative on" 
analysis requires a certain amount of background taley 
material. Organic chemistry, through qualitative anal- “ 
ysis, and analytical chemistry including volumetric, 
gravimetric, and some instrumental methods—e. 4, a 
potentiometric and colorimetric techniques—are essen _ 
tial. In addition some physical chemistry is desirable 
but is not an absolute necessity. In general, to satisfy labors 
these prerequisites the program must appear at the end satis 
of the senior year or in the first year of graduate study. work 
We have found that the latter time is preferable, ap- mente 
parently because the graduate student appreciates the a 
integration approach and perhaps has already started nen 
himself, whereas the average senior is not ready or is tr 
unwilling to make the effort. In any case, the alter hydre 
native selected will depend on the remainder of the other 
chemistry curriculum available. aie 
The selection of the material to be covered both in the quire 
lecture and the laboratory is critical and must be done # dioxi 
with care. In the first place, the quantity must not be lem, | 
too great. Consideration of hydrocarbons, alcohols, § {t is: 
carbonyl compounds, acids and acid derivatives, amines, for ¢} 
nitro compounds, sulfur compounds, and a few selected A 
miscellaneous compounds, both as classes of compounds logic: 
and with regard to individual compounds, provides whet 
more than enough for 22- to 26-hour discussions depend prod 
ing on the detail introduced. Secondly, the nature df studi 
the material considered must be scrutinized to avoids} a va 
monotonous discussion which could be read with® tion. 
greater value. For example, an hour can be spent§ ties, 
profitably on the theory of nonaqueous solvents for— exan 
acidimetry, but time would be wasted if the hou to a 
were spent on the many adaptions proposed for the§ sam 
determination of saponification number. In the thir§ stud 


place, the methods discussed should be as general as In 


possible. Determinations of limited scope are desirable nece 
when considering individual compounds but should not 20 ¢ 
constitute the major part of the work. The work in thef how 
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TABLE 1 
Laboratory Experiments in First Quarter 
Group I. 2 to be done 
Determined Diluent Reference 
Cyclohexene Benzene _ 4 
Salicylic acid Benzoic acid 5 
acetate Acetic acid 
Ethylene glycol Water 6 
Glycerol Water 7 
Batylamine Carbitol-water 8 
Group II. 1 to be done 
Determined Precipitant Reference 
Methyl et <etone initrophenylhydrazine 
ind N HClO, 10 
Pyridine Cupric thiocyanate 11 
Group III. 2 to be done 
Mixture Method Reference 
Formic acid—water Alkaline permanganate 12 
Dinitrobenzene-ben- Reduction 13 
zoic acid 
Acetic, propionic acids— Distribution 14 
water 
Phthalic acid-Phthalie Acidimetry 15 
anhydride 
Salicylie acid-benzoic Bromination and acidimetry 6 
Group IV. Required 
Determined Method Reference 
Water Karl Fischer 16 


laboratory may be varied to fit the need, but it is most 
satisfactory if the methods are general in nature. The 
work is usually new to the student, although the funda- 
mental manipulations are familiar. It is clear from 
experience that the determinations used must be 
neither too easy nor too difficult. For example, the 
determination of an acid by titration with sodium 
hydroxide does not challenge the student. On the 
other hand, the use of a phenol and nonaqueous medium 
requiring a potentiometric end point provides an inter- 
esting problem. However, if the determination re- 
quires complete absence of water, oxygen, and carbon 
dioxide, the student feels he faces a monumental prob- 
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lem, and the work he does will reflect discouragement. 
It is also important not to load the laboratory program 
for the same reason. 

A program in quantitative organic analysis would 
logically include some material on process control, 
whether the process be on a laboratory scale or on a 
production scale. The requirements for the process 
studied should include the presence of by-products and 
a variety of different functional groups for considera- 
tion. Qualitative and quantitative aspects of impuri- 
ties, intermediates, and products provide an excellent 
example of how analytical chemistry is applied either 
to a research problem or to production and, at the 
same time, stimulate the analytical thinking of the 
student. 

In order to accomplish these objectives it was found 
necessary to extend the program over two quarters or 
20 teaching weeks. For the first quarter, two lecture 
hours and three laboratory hours per week were 
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scheduled and the general consideration of methods for 
classes of compounds and some individual compounds 
more than filled the class hours. The topics considered 
and the number of lecture hours were as follows: 
water (1), hydrocarbons (2), alcohols (2), carbonyls 
(3), acids and acid derivatives (4), phenols (1), nitro 
compounds (1), amines (2), sulfur compounds (1), 
heterocycles (1), examinations, quizzes, etc. (2). Six 
determinations were done, as shown in Table 1. For 
the second quarter, one lecture-discussion hour and six 
laboratory hours per week were scheduled. The syn- 
thesis of Orange I, starting from p-chloronitrobenzene 
and proceeding through p-nitrothiophenol, p-nitro- 
benzenesulfonic acid, sulfanilic acid, diazotized sul- 
fanilic acid, and the coupling of this with a-naphthol. 
was used to illustrate the points previously mentioned. 
Eight determinations (Table 2) based on the synthesis 
or closely related compounds were assigned. All stu- 
dents were given the same sample so that the use of a 
control chart (3) could be discussed with meaning to the 
student rather than an abstract idea. 


TEACHING DIFFICULTIES 


From the point of view of the student it is desirable to 
have a textbook not only for reference but also as a guide 
to organization of the material. A textbook is also 
convenient, but not essential, for the instructor. The 
lack of a teaching textbook requires direct use of the 
original literature which is troublesome for the library 
and the students. Siggia (25) has made a helpful 
contribution of a suitable laboratory book, but a book 
with extensive discussion for class use is still unavail- 
able. The problem of reference is, therefore, difficult, 
and it is hoped that a teaching textbook will be forth- 
coming. 

How good a job may be expected from students doing 
a determination for the first time? In inorganic quan- 
titative analysis accuracy and precision may be main- 
tained at a high level, usually a few parts per thousand. 


TABLE 2 
Analytical Determinations for Study of Control 
Substance Method Reference 
Chlorophenol Reduction and Ag* titration 17 
Ag? titration 18 
Mercaptobenzthiazole _ I, oxidation 19 
Acetophenone Volumetric oxime formation 20 
p-Nitroaniline Acetylation 21 
Anthranilic acid Diazotization 22 
Resorcinol Coupling ; 23 
Azo compound Reduction with Ti** 24 


This is not hard to do because solubilities are low and 
only occasionally are unfavorable equilibrium constants 
encountered. In organic quantitative analysis, not 
only are incomplete reactions common, but volatility, 
side reactions, ease of oxidation, and the like are the 
rule. Papers in the literature cite data to show that a 
method is good to a few parts per thousand, but these 
data usually have been obtained by experienced opera- 
tors (for an exception see reference 26). It has been 
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found that the procedures from the literature yield 
results that are in error by 2 to 10 times the amount 
claimed by the authors. These results are not bad, if 
the inexperience of the student is considered. The 
difficulty, however, is that the instructor does not know 
what error is reasonable to expect, with the result that 
the first reports may be too severely criticized. One 
method for minimizing this difficulty is to use a control 
chart (3). 

The third problem encountered in the teaching of 
organic quantitative analysis is the preparation of suit- 
able unknowns. The problem is not as important in 
qualitative work since a pure substance is usually 
desired. For quantitative work, however, the situation 
is quite different. Not only is the initial purity of 
interest but the effect of the diluent may be more im- 
portant. The substance to be determined may be 
analyzed before mixing, or the sample may be prepared 
and then analyzed. The latter is preferable because 
errors of mixing and other changes are actually cor- 
rected. The choice of the diluent is not so simple. 
The factors which must be considered include solubility, 
relative density for a solid, effect on storage (air and 
light as well as interaction), and availability. For solu- 
tions, a solvent with a low boiling point is not satis- 
factory, but, on the other hand, a solvent with high 
viscosity is just as bad. Water, methyl cellosolve, and 
isopropyl alcohol are useful, but others will be needed 
for solutions where these interfere. The most useful 
solid diluent is benzoic acid. It is readily available, 
mixes well by grinding, and is stable. The limited 
solubility in water must be remembered. Usual dilu- 
ents such as sodium chloride and potassium chloride 
are unsatisfactory because the high density prevents 
good mixing when the organic part is more than a few 
per cent of the sample. 

A fourth problem which may arise is the scale of the 
laboratory work. Many analytical chemists feel that 
all determinations should be done on a micro level. 
This may be the best for a trained chemist, but for the 
immature student the microtechniques are too difficult. 
Usually the range from 80 to 500 mg. is satisfactory for 
student work. After the student has become familiar 
with the methods, the application of microtechniques 
may be introduced with considerable benefit. In addi- 
tion, there are very few schools which have sufficient 
micro equipment. 


FUTURE DEVELOPMENT 


At the present time the teaching of quantitative 
organic analysis is not popular. There is a demand for 
chemists with this training, and it is reasonable to expect 
the colleges and universities to provide the training. 
However, the undergraduate curriculum is so crowded 


JOURNAL OF CHEMICAL EDUCATIOQy 


now that it would seem best to have the training at th 
master’s level in general. The question as to whethe 
the course should be given by the analytical or the 
organic group must be decided. For the best results 
the analytical group should offer the course, becayy 
the emphasis should be placed on the analytical tech. 
niques. In any case, the development of a course yj 
require ingenuity and patience until more of the teach. 
ing problems have been solved. 
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MOLECULAR MODELS OF SILICATES FOR 
LECTURE DEMONSTRATION’ 


Ta silicates constitute one of the most complex 
groups of compounds commonly studied in freshman 
chemistry. In the past textbooks often presented the 
naturally occurring silicates with a formidable array of 
names and formulas such as: tremolite, CaMgeSi,O:; 
muscovite, orthoclase, KAISi;0s; and 
wolite, NaAlSig0s. Even the teacher probably did not 
remember these from one year to the next. It is not 
surprising that the average student found difficulty in 
remembering them long enough for the inevitable ex- 
amination, to say nothing of any retention beyond the 
end of the course. Any attempt at having the students 
understand them was not even considered by the 
teacher. The structures of these compounds are well 
established (7), and in recent years some textbooks have 
improved the situation by including structural formulas, 
diagrams, and pictures of models. Molecular models of 
many of these compounds have been described (2, 3, 4), 
but due to lack of availability they are seldom, if ever, 


merely counting the red “atoms.” 


used in connection with elementary courses. The pur- 
pose of this paper is to show how the inexpensive type 
of molecular models commonly used for organic chem- 
istry can be adapted to the silicates. (They were 
first used by the author in 1941 and have been found to 
be very helpful.) The material suggested here for a 
lecture on the silicates is hardly more than an outline, 
since it is impossible to include the detail that would be 
necessary in presenting the silicates to a class in chem- 
istry. 

In these models the various atoms are represented by 
the different colors as follows: silicon, black (8 dozen); 
aluminum, silver (1 dozen); hydrogen, white (2 dozen); 
chlorine, green (four); dicovalent oxygen, yellow (12 
dozen); and monocovalent oxygen, red (7 dozen). 
(Approximately 24 dozen 1!/,-inch pegs are used.) By 
using two colors for oxygen one can tell immediately 
whether a model represents a neutral molecule or an 
ion, and the charge on the ion is easily determined by 
(At this point it is 
often advantageous to briefly review the theory of 
covalence and electrovalance for the students.) The 
black balls representing silicon and the silver balls rep- 
resenting aluminum each have four holes arranged in 
the same manner as for the tetrahedral carbon atom. 
The dicovalent oxygen “atoms” have two holes at an 


angle of approximately 140°. All others need only one 


hole each. 
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Following a rather common practice (5) the silicates 
are divided into four classes for purposes of this dis- 
cussion: (1) the simple silicates, (2) the asbestos type 
(silicon-oxygen chains), (3) the mica type (silicon- 
oxygen sheets), and (4) the three-dimensional silicon- 
oxygen network. These will be considered in order. 

Although not a silicate, the model of silicon tetra- 
chloride is first shown to illustrate in the simplest man- 
ner the tetracovalent nature of the silicon atom. This 
is then followed by the model for the hypothetical 
orthosilicic acid and the orthosilicate ion (using red balls 
for the oxygen atoms in the latter). These are shown in 
Figure 1. The removal of a molecule of water from two 


Figure 1 


molecules of the ortho acid to form the hypothetical 
disilicic acid is easily shown. Figure 2 shows the model 
for this acid and the corresponding ion, Si,O;~*, in 
which it can readily be seen that of the seven oxygen 
atoms, six are contributing to the charge, while one is 
dicovalent. Three molecules of orthosilicic acid may 
lose two molecules of water, forming the hypothetical 
trisilicic acid, HsSisO1. The teacher may show models 
of the cyclic, as well as the linear, trisilicate ion at this 
point. All of the compounds considered up to this 


point are classed as “simple silicates’ (or as ‘‘self-con- 
tained groups”’ by Stillwell) (5) because in each case the 
crystal lattice is made up of discrete, individual ions 
surrounded by ions of the opposite charge. Such for- 
mulas as Na,SiQ,, CazMgSizO; may be shown to the 
students to illustrate common substances belonging to 
this class of silicates. 
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Figure 3 (a, above; 6, below) 


The structure of the asbestos type of silicate (Figure 
3) follows easily from the linear trisilicates already 
mentioned. The pyroxenes are compounds in which 
there are single chains of alternating silicon and oxygen 
atoms to give continuous negative ions of indefinite 
length. The formula for diopside, CaMg(SiO,;)2, shows 
that the empirical formula for the negative ion is that of 
the so-called metasilicates (Figure 3, a). Tremolite, 
CaMg.Si,Oun, illustrates another type of asbestos (the 
amphiboles). The model (Figure 3, b) shows quite 
clearly how a double silicon-oxygen chain can account 
for such an unusual formula. Of the eleven oxygen 
atoms indicated in the formula, five are dicovalent 
(yellow) while the other six are monocovalent (red), 
and each of the latter carries a negative charge. The 
$i,0,,~° group may be located in the figure by counting 
these atoms from the right end of the model shown, or 
by considering any section of the double chain from one 
point to the next similar point where the repetition of 
structure begins. These negative charges are balanced 
by the positive charges of the metallic ions which lie be- 
tween the silicon-oxygen chains. The fibrous nature of 
asbestos is thus explained on the basis of the relatively 
strong covalent bonds that exist within the long ions, as 
compared to the weaker electrostatic attraction that 
holds the bundles of ions together. A specimen of as- 
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bestos is shown at this point to illustrate the correlation 
between physical properties and molecular structure. 
If we consider the single silicon-oxygen chain as 4 
structure extending in only one dimension, then the 
double chain may be regarded as the beginning of an ex 
tension into a second dimension. It becomes apparent 
that a continuation of this process would result in, 
two-dimensional network. These silicon-oxygen sheets, 
extended indefinitely, constitute the negative ions thy 
are typical of the micas. It is evident from the modg 
(Figure 4, a) that the ratio of charge to total number of 
oxygen atoms has again decreased and the empirical 
formula for the ion is Si,0,-*. Within these sheetlike 
ions the atoms are held together by covalent. bonds 
while the layers are held to each other by ionic forces 
much like the chains in the asbestos type of compound, 
The discerning student soon notices that there are no 
Siz0.~? groups evident in the formulas commonly given 
for the various micas. This introduces a very important 
aspect of silicate structure which the models illustrate 
very well. The atoms of other elements may be sub 
stituted for the atoms of silicon in the silicon-oxygen 
networks. It is essential that the other atom be of ap 
proximately the same size as the silicon atom, but it 
need not have the same charge. Thus, aluminum (rep- 
resented by the silver balls in the models) is very com- 


Figure 4 (a, above; b, below) 
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monly found in the silicates as part of the network. 
However, for each silicon atom replaced there must be 
gn additional positive charge among the ions that are 
not in the network, due to the fact that aluminum has a 
charge of three instead of four. In this respect the 
formula for muscovite is more meaningful if written 
KAl,(OH)2(AISisO10) (6). This can be shown in the 
model by replacing one out of every four of the black 
balls by the silver ones (Figure 4, b). The other two 
aluminum ions along with the hydroxy! groups and the 
potassium ion comprise the layer of individual ions that 
lie between the silicon-oxygen sheets and are not in- 
cluded in the model. After illustrating these substitu- 
tions with the model, a sample of mica is presented to 
the students to show again the relation of molecular 
structure to physical properties. 

If the monocovalent oxygen atoms (the red balls of 
the model) of the mica type are attached to the silicon 
atoms of another layer, we have the fourth type of 
silicate. Since these oxygen atoms are now dicovalent 
the red balls must be replaced by yellow ones. This.is 
the three-dimensional network in which all charges 
have been eliminated so that it is a neutral molecule. 
It is evident in the model (Figure 5, a) that the ratio of 
oxygen to silicon has reached a minimum and we have 
the familiar formula for quartz, SiO, In showing the 
class a sample of quartz at this point its form is con- 
trasted with the asbestos and mica already shown. 
This may be taken as a starting point for considering 
the more complex silicates like the kaolins, feldspars, 
wolites, and others. For the model of the negative ion 
of orthoclase one out of every four of the silicon atoms 
(black) is substituted by an aluminum atom (silver) to 
give a network of the empirical formula AISis0s~! 
(Figure 5, b). The potassium ion is in the space en- 
closed by the network. These interstices within the 
model are pointed out to explain to the student why 
such ions are referred to as “interstitial” ions. The 
formula NasH,Als(SiO,); (Natrolite) may be written 
K,(Al:Sis0,0)2H20 as another illustration of the place of 
the aluminum atoms in the structure (7). 


A formula commonly given for a zeolite is NaAISisO«. 
In this case the interstitial ion is sodium and from a con- 
sideration of the model the student may see how such 
an ion in a zeolite water softener may be replaced with- 
out destroying the structure of the crystal. With this 
background, the equation for the exchange reaction of 
the water softener takes on more meaning for the 


student. 


The models may be used in connection with a brief 
reference to the amorphous nature of glass. When a 
substance has a definite and regular structure then it 
usually exhibits a definite melting point, typical of the 
solid state. However, if the structure is irregular the 
amount of energy necessary to break down the struc- 


= ture in melting will not be uniform. The result is a 


softening process so obvious with glass. The models 
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thus far have shown sheets and networks with rings 
containing six silicon and six oxygen atoms. It is a 
simple matter to illustrate the relatively haphazard 
nature of glass by opening several of these rings and 
changing them so that the network includes rings con- 
taining five, six, seven, and eight silicon atoms. 


Figure 5 (a, above; 5, below) 
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a PROMOTING RESEARCH IN THE SOUTHEAST 


T uirteen years ago Dr. E. Emmet Reid, upon his re- 
tirement from the Johns Hopkins University, offered 
his services as a “travelling research consultant” to 
southern colleges and universities. This significant 
educational experiment has been described in some de- 
tail (29, 31). 

Through the years Dr. Reid has continued to work the 
program as originally outlined. From the six original 
institutions the circuit has grown to eleven. Keeping 
the participating institutions down to a number which 
can be visited several times a session has been one of 
the vexing problems of the undertaking. During this 
past session Dr. Reid visited the following: Birming- 
ham-Southern College, Emory University, Furman 
University, Georgia School of Technology, Howard 
College, Marshall College, Stetson University, Uni- 
versity of Richmond, University of Alabama, Univer- 
sity of South Carolina, and Washington and Lee Uni- 
versity. For a professor emeritus to carry through 
such a schedule several times a year is a formidable 
assignment, but the manner in which Dr. Reid breezes 
through it amazes all connected with the program. 

A research program lends itself to an objective evalu- 
ation by an examination of the number and quality 
of its published results. A total of fifty-four publica- 
tions may not be impressive in some quarters, but few of 
the institutions visited had any productive research 
in progress when the plan was launched. A study of 
research produced by other institutions in the same 
region is relevant also: It is significant that one of the 
colleges on the circuit led all liberal arts institutions 
in the South in research published in The Journal of 
the American Chemical Society for the war years, 1942- 
45, and another is leading in postwar research (50). 
The reader may form his own opinion of the quality 
of the work done after examining the bibliography be- 
low. Only those articles are listed which acknowledge 
directly Dr. Reid’s participation in the research. 

Publications do not tell the whole story of such a 
venture. Scores of students who participated as 
undergraduates or Masters’ candidates and who now 
occupy responsible positions in industrial and academic 
research have paid tribute to the man who conceived 
and labored through the years to make his dream a 
reality. Such tributes must gladden the heart of one 
who wrote in 1940: ‘A teacher without students is 
desolate.” 

Staff members of the institutions visited have been 
even more outspoken in appreciation of what Dr. 
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Reid’s contacts have meant to them personally and ty 
their departments. But Dr. Reid has red-lined gj 
references to those qualities of mind and heart which 
made the program so fruitful and inspiring. 

After participating these years in such a venture on 
cannot but ask, “After Dr. Reid, what?” Dr. Charles 
A. Kraus, Priestley medalist for 1950, proposes some 
challenging suggestions for larger support of academie 
research (Chem. Eng. News, 28, 3203 (1950)). It is 
also encouraging to note that a national foundation js 
currently spending well over a million dollars to test 
out a program which Dr. E. Emmet Reid has beg 
working with marked success for thirteen years. 
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Ar times the chemist needs to know when a certain 
predetermined weight of gas has been used in an ex- 
periment. At other times he may wish to know the 


have devised a scheme for accomplishing the above pur- 
poses without encountering the difficulties involved in 
the use of the usual flowmeter. The device may re- 


semble others in use, but no other system with an elec- 
tric alarm attached has come to the attention of the 
authors. 

Platform ‘“‘scales’”’ of the type usually found in feed 
stores were used. The capacity was 310 lb. The usual 
cylinder of gas was placed on the platform. An electric 
circuit with dry cells B, signal buzzer A, and knife 
switch K was attached to the system as shown in the 
accompanying diagram. With the knife switch closed 
and the beam in contact with the point C the circuit 
was closed through the beam and the buzzer would 
sound. With a total weight of 80 kg. on the platform 
this device could be adjusted so delicately that a varia- 
tion of 5 g. would be enough to make or break the cir- 
cuit. For this reason the cylinder was balanced roughly 
with the weight W on the beam and supplementary 
brass weights of the usual laboratory variety were 
placed beside the cylinder on the platform. The system 
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was considered to be balanced when the circuit was 
closed definitely enough to give regular clicks in the 
buzzer. 

To use the device in weighing gas the system was first 
balanced as described above, and then a predetermined 
brass weight (say 100 g.) was added to the balanced 
platform. This lifted the beam and broke the circuit. 
After the corresponding amount of gas had been de- 
livered, the circuit would automatically close and the 
buzzer would sound the alarm. To prevent the beam 
from making contact with the top of the “beam stop”’ 
D, that portion was insulated. Clean contacts were 
essential for accurate measurements. 

Where a constant rate of flow was desired, a bubble 
counter was inserted in the line. 
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AMORPHOUS ANTIMONY 


Tt: element antimony has four known allotropes: 

1. Yellow Antimony. This is analogous to yellow 
arsenic and white phosphorus. It is transparent and 
soluble in CS,. It is prepared by the action of oxygen 
on liquid stibine, SbH;, at —90°. It is very unstable 
and changes even at low temperatures to the black 
allotrope. 
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Figure 1 


2. Black Antimony. This variety is produced 
spontaneously from the yellow allotrope by the rapid 
cooling of antimony vapor, or by the reaction be- 
tween oxygen and stibine at —40°. It is chemically 
much more active than metallic antimony. 

3. Metallic (ordinary) Antimony. This form is 
definitely metallic, melts at 630°, and has a specific con- 
ductivity 4.4 per cent that of silver. 

4. Amorphous Antimony. This is the so-called ex- 
plosive antimony. It is produced by the electrolysis 
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of an antimonous halide using a high current density, 
It changes “explosively” to the metallic form with the 
evolution of 2.4 kg.-cal. per gram atom when heated ty 
200°, scratched, or struck. X-ray diagrams show it ty 
be in the amorphous state,? and it always contains som 
occluded halide.? This form is metastable under al 
conditions. The “explosion” is the result of the heat, 
produced when the amorphous antimony becomes crys. 
talline, vaporizing the occluded halide, thus causing the 
fracturing and slight scattering of the metal. 

The amorphous variety of antimony may be used to 
demonstrate a number of phenomena, among which are: 
that an element may exist in several allotropic modif- 
cations; that energy is liberated (or absorbed) in th 
conversion of one allotrope to another; and of coury 
the fact that there are several allotropes of antimony, 
The second of these is believed by the author to be th 
most significant. Although we tell our students that 
such relationships as 


Pwwhitey Pinca) + 4200 cal. 
S(rhombie) Smonoctinie) — 95 cal. 


exist, we are unable to demonstrate this in any simple, 
conclusive manner. We may, however, demonstrate 
the reaction 


Sb (amorphous) Sb metaitie) + 2400 cal. 


qualitatively quite simply. This system is, of course, 
irreversible. The only method of preparing amorphow 
antimony is by electrolysis. 

The effects of varying some of the conditions of the 


experiment have been described by Cohen and Ringer’; 
however, I have given below what I believe to be the 
optimum conditions for the preparation of this sub 
stance. 

Apparatus. A power supply unit (such as Cen 
#79548) or a source of d.-c. current of from 0.2 tod 
amperes at 3 to 6 volts, a 5-ampere ammeter, a 1-lite 
battery jar, a small stirrer, copper wire cathode 
(B. & S. #18), and an antimony anode. The assembled 
apparatus is shown in Figure 1. 

The cathodes are made of copper wire, and are 20 cm. 
in length, approximately 8 cm. of which is to be above 
the solution. 


2 SrernweEnr, H. V., A. Z. Phys., 63, 815 (1930) 
3 Couen, E., anp C. C. Corrtn, Z. Physik. Chem., 149,417 (1930). 
4 Conen, E., anp Rinagr, Z. Physik. Chem., 47, 1-28 (1904). 
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The anode is made by melting lump antimony in a 
” X 175-mm. test tube, and when cool, removing the 
from around the antimony by carefully cracking 
the former. Attach a copper lead to one end of. the 
dectrode, so that it (the copper) will not be submerged 
into the electrolyte when the cell is operating. Ar- 
range the copper cathodes in a semicircle around the 
anode, as close to the latter as is practicable, realizing 
that as the electrolysis proceeds, the cathodes will 
“gow.” A convenient number of cathodes is four or 
five (Figure 2). 

Preparation. To 500 ml. of H,O, add 300 ml. of 
concentrated HCl. Dissolve 250 g. SbCl; in this solu- 
tion, and add H,O to make a liter. 

Place the anode and cathodes in place, set the stirrer 
toa slow speed, and electrolyze at a high current den- 
sity. This should be 0.15 to 0.4 amperes per cm.’ of 
cathode surface. For a #18 copper wire, submerged 
12cm. into the electrolyte, we have a surface of approxi- 
mately 3.84 cm.? per electrode. With four electrodes, 
ora surface of 15.4 cm.?, excellent results were achieved 
using a current of 3 amperes, which is a current density 
of approximately 0.195 amperes per cm. of cathode sur- 
face. The electrolysis was allowed to proceed for 12 
hours. The result was “sticks” of 5 to 7 mm. in diame- 
ter. The SbCl; solution is not appreciably depleted 
and may be used repeatedly. 

The temperature must not be allowed to rise above 
25°C. and should preferably be kept at 20° or less. 
Between 25° and 35° a gradual change takes place. An 
increase in the deposition of the crystalline variety 
results from an increase in temperature. 

Carefully remove and separate the amorphous anti- 
mony “rods” and dry them carefully with an absorbent 
material (Kleenex). Immersion in water will cause the 
“rods” to become covered with a white precipitate of 
SbOCIl, which will dissolve rather slowly. If it is de- 
sired to wash the samples, a dilute solution of HC! in 
H,0 should be used before immersion in pure water. 

Although they change very slowly to the crystalline 
variety even without outside stimulus, the substance 


may be preserved for quite along time without apparent 
loss in “power,” if protected from shock. 

Demonstration. The best method of demonstrating 
this substance in a lecture room is to prop a sheet of 
asbestos against several boxes (or clamp it in place) at a 
slight angle from the vertical, and attach the rod of 
antimony to the asbestos by bending the protruding 
copper wire over the edge of the asbestos board (Figure 
3). Between the antimony and the asbestos, attach a 
common paper napkin by means of “Scotch Tape.” 

To cause the molecular rearrangement, one may 
scratch or strike the stick of antimony, heat it to 200°, 
or cause a spark to pass from it to an induction coil. 
The most effective as well as the simplest means, in the 
authors opinion, to demonstrate this to a class, is to 
strike the “stick”? with the edge of a metal spatula. 
A relatively light tap will suffice. Instantly the sub- 
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stance will undergo the molecular change, accompanied 
by a loud hissing sound and dense fumes of antimony 


trichloride; a few particles are ejected, sometimes glow- 
ing. The antimony, after the “explosion,” will not 
have changed much in appearance except for being 
“chipped,” save at points where the most heat is pro- 
duced, which may be black due to powdered antimony. 
The napkin will show a black scorch mark the length 
of the antimony rod, indicating the heat produced. 
(Sized paper, or even filter paper, will not show this as 
well as a paper napkin.) 


Solution 


Figure 2. Top View of Battery Jar 


One may, if one wishes, show the great thermal 
energy produced by attaching a piece of cellulose hexa- 
nitrate to one end of the rod. It is ignited by the 
heat produced when the other end is struck. 


Cu Wire $b Score! Tope 

FRONT | 

SIDE} 

Asbestos Boora™ Paper Nopkin Support 
Front View Side View 
Figure 3 


The antimony may also be “detonated”’ below water; 
however, this would not be visible for as great a distance 
as the previously described demonstration. The 
method of presentation will of course vary according 
to the size of the class, facilities of the lecture room, 
and preferences of the lecturer. 
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CLEMENT DUVAL 


DuvaL, whose accomplishments, particu- 
larly in analytical chemistry, have brought him inter- 
national recognition, was born on March 30, 1902, at 
Neaufles St. Martin, a small village in Normandy. As 
his parents were very poor, there was no thought of 
providing more than the essentials of schooling. Dur- 
ing World War I, while his father was at the front, the 
boy worked as wood cutter in the forest, and his spirit 
rebelled at the prospect of a lifetime of manual labor. 
He resolved to study alone during the evenings, and by 
dint of such efforts he eventually passed the bachelor’s 
examination (1920). He served as tutor at various 
colleges and so prepared himself for a teaching certifi- 
cate in physical sciences. The ambitious young man 
attracted the interest of Georges Urbain,’ who per- 
suaded him to take up chemistry in earnest. During 
the next three years Duval worked in Urbain’s labora- 
tory at the Sorbonne on scandium, the rare earths, and 


Clément Duval 


inorganic complex compounds. The doctorate dis- 
sertation (Docteurés Sciences physiques, Paris, 1927) 
dealt with cobalt ammines. 

After teaching in various schools he was appointed 
(1936) to a professorship in the Ecole des Sciences at 
Rouen, where he served until 1943. Here he installed 
the first course in microanalysis on spot reactions ever 
given in France. After two years in Germany and 


1 Orsper, R. E., J. Cuem. Epuc., 15, 201 (1938). 
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RALPH E. OESPER 
University of Cincinnati, Cincinnati, Ohio 


Austria as chef-adjoint of the scientific mission of th 
Centre National de la Recherche Scientifique, Dy 
Duval was appointed (1946) as Maitre de Recherche 
of the C.N.R.S. He devotes himself almost exely. 
sively to his own researches and those of his students 
Each year he offers a course in microanalysis at the 
Sorbonne. Particularly interesting features of hi 
teaching activity are his courses in technical English 
and German which are designed for degree candidate 
just beginning their theses, enabling the students to 
read the foreign literature with more ease and com. 
prehension and to assemble a bibliography properly. 
He has published suitable texts for these language 
courses (“English for the Scientist,’ “Besser spit 
als nie,” and “‘Wer sucht der findet’’). 

He has been a member of the Section on new reagents 
of the International Union of Chemistry since 1946, 
and as secretary compiled its Third Report which ap- 
peared in 1948. Pascal’s “‘Traité de Chimie Minerale’ 
contains 900 pages by Duval on magnesium, thallium, 
salts and complexes of iron, and platinum ores. Like 
wise, he contributed 250 pages to the Grignard-Dupont- 
Locquin “Traité de Chimie Organique.” His eleven 
other books include “Dictionnaire de Chimie et ss 
Applications,” ‘Manipulations de Chimie,’ ‘Notions 
de Biochimie,” “Les Stillireactions,” etc. 

His scientific achievements are recorded in 170 papers. 
These may be roughly grouped in four categories. 

(a) He has attempted to determine the composition 
of complex compounds in solution by studying the 
migration of ions. Notably, he has established the 
structure of organomagnesium compounds dissolved 
in ether; he has explained the change from red to blue 
of cobalt salts; the color developed by adding ferne 


chloride to phenols, etc. 

(b) With Jean Lecomte he has recorded the infre 
red absorption spectra of about a thousand inorganit 
and organic materials. From these data he has estab 
lished a great many structures, including azides, d: 
thionates, bicarbonates, thiosulfates, acetylacetonates, 
etc. He explained the isomerism of the complex plat 
num oxalates and showed that the supposed isomerism 
of xantho and isoxantho cobalt salts does not really 
exist. A remarkable fruit of these studies was the 
discovery of cis oxalic acid, and the indication of the 
existence of oxalic anhydride. 

(c) In microanalysis, he has discovered and develope 
several specific spot reactions (gold, copper, ammonia, 
cobalt) and has devised apparatus for microelectrolysis 
He has perfected a new method of differential ele 
trotitration. 

(d) Since 1946 he has devoted much of his effort t 
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the problem of determining what happens when the 
various precipitates used in gravimetric analysis are 
heated. With the aid of the thermobalance he has now 
aamined nearly 1000 materials from this standpoint. 
He has been able to correct numerous errors and to fix 
precisely the temperatures of drying, which heretofore 
have been a matter of pure empiricism. He has in- 
vented an automatic method of gravimetry which, 
without intervention by the operator, permits the 
determination of two or three materials in mixtures, 
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sal TransrereNce number experiments in physical chem- 
Notions 


istry laboratories are usually carried out in the con- 
ventional three compartment Findlay apparatus.! 
papers. F This equipment costs approximately eighteen dollars 
eS. — per set. With 278 students enrolled in a physical 
sitio § chemistry laboratory course it was desirable to develop 
ng theB less expensive apparatus from equipment commonly 
ed the® available in a laboratory. We have found that a buret 
ssolvel§ provided with a silver wire cathode located near the up- 
to blue® per end and a silver wire anode introduced through the 
; ferrit® tip of the buret equipped with a rubber policeman serves 
quite satisfactorily. 

Hittorf? originally used a vertical tube for determin- 
ing transference numbers, McInnes* describes an ex- 
periment employing a vertical tube, and an experiment 
using a vertical tube is described in a mimeographed 
manual‘ used at the California Institute of Tech- 
nology. 

The vertical buret type of transference apparatus 
costs about three dollars, about. one-sixth the cost of the 
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1 DaNnIELs, MATHEWS, AND WILLIAMs, “Experimental Physical 
ew 3rd ed., McGraw-Hill Book Co., New York, 1941, p. 


? Lupke, Rosert, “The Elements of Electro-Chemistry,” 2nd 
ed., H. Grevel and Co., London, 1903, p. 46. 

* McInngs, D. A., ‘Principles of Electrochemistry,” Reinhold 
Publishing Corp., New York, 1939, p. 62. ; 

* Professor R. M. Badger kindly supplied us with this manual. 
The dimensions of the tube are not given in the manual, but it is 
probably larger in diameter than a buret and it appears to us that 
our arrangement is somewhat more convenient. 
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without separation, and solely by a graphic recording. 

Among the prizes and honors that have come to this 
distinguished French chemist are: Fondation Rosen- 
thal (1924); Fondation Commercy (1924-25); Prix 
Cahours and Medaille Berthelot (1927); Prix and 
Medaille Leblanc (1932). He received an honorary 
doctorate and gold medal from Rio de Janeiro (1935). 
He has been an officer of the Académie since 1937. 
His latest distinction (1950) is an honorary member- 
ship in the Austrian Microchemical Society. 


AN INEXPENSIVE TRANSFERENCE NUMBER 


T. J. ROEMER and R. A. COOLEY 
University of Missouri, School of Mines and Metal- 
lurgy, Rolla, Missouri 


Findlay type tube. In addition to the reduction in 
cost the burets, unlike the Findlay tubes, are used for 
other experiments throughout the year, do not require 
special handling or storage for a particular experiment, 
and are available in quantity in most laboratory stock- 
rooms. The apparatus is not suitable for high-preci- 
sion determinations, but the results obtained by the 
students with this apparatus are practically the same 
as those obtained using the Findlay tube.* The use of 
the described apparatus makes it easy to assign the 
transference number experiment as an individual stu- 
dent’s experiment rather than a ‘“‘partners’”’ experiment. 

Hittorf’s original experiments® on transference num- 
bers of ions were carried out by the use of vertical tubes 
the two parts of which could be isolated by sliding side- 
ways. Many designs of glass apparatus have since 
been used.’ The apparatus of Jones and Dole® is per- 
haps most satisfactory but its large bore stopcocks and 
glass joints make it rather expensive for student use. 
Collins’ has suggested that rubber connections may be 
substituted satisfactorily for student experiments. 

No invalidating amount of diffusion occurs in the ap- 
paratus described if (a) reasonable care is taken to elimi- 
nate vibration of the tube, (b) a glass wool plug is placed 


5 Hoyt, Cree §., J. Cuem. Epvuc., 14, 472 (1937). 

6 Hirrorr, W., Pogg. Ann., 89, p. 177. 

7 McBain, J. W., Washington Academy of Sciences Proceedings, 
9, 1 (1907). 

8 Jones aND Do e, J. Amer. Chem. Soc., 51, 1073 (1929). 

® E. M., J. Coem. Epvuc., 11, 52 (1934). 


beneath the cathode so that any pieces of plated-out 
silver which fall from the cathode during the experiment 
are caught before they stir the solution excessively while 
falling, and (c) the region of more concentrated solution 
after electrolysis is at the bottom of the buret. The 
anode section is the one least subjected to mechanical 
mixing during withdrawal and usually gives the best 
transference number value. 


EXPERIMENTAL DETAILS AND PROCEDURE 


A 50-ml. buret is placed in two clamps as shown in the 
Figure. The anode and cathode are made of No. 22 to 
27 B. and S. gage wire wound in a flat spiral of as large a 
diameter as will fit into the buret. A small quantity of 
glass wool is placed in the bottom of the buret and then 
the anode is positioned by introducing it into the top of 
the buret and running the lead part of the anode 
through the stopcock and finally through the buret tip. 
A rubber policeman is threaded on the wire by means of 
a sewing needle and serves as a seal for the buret tip. 
About 55 to 60 ml. of 0.05 M silver nitrate solution is 
poured into the buret with care to eliminate all air bub- 
bles which may form in the tip of the buret. Vigorous 
shaking will usually dislodge any air bubbles in the tip. 
A glass wool plug is placed about 18 centimeters from 
the top of the solution 
to prevent any of the 
cathodic deposition 
which may become de- 
tached from disturb- 
ing the solution in the 
center and anode sec- 
tions. The cathode is 
similar in form and 
material to the anode 
and is located at the 
top of the buret, im- 
mersed about 1.5 cm. 
in the solution. 

A coulometer, vari- 
able resistor, and milli- 
ammeter are placed in 
series with the buret 
transference cell, the 
current is adjusted to 
8-10 milliamperes and 
is allowed to pass for a 
period of three hours. 
Any one of several 
coulometers may be 
used. We use one con- 
sisting of copper-plate 
electrodes about 1.3 
cm. wide and 6.4 cm. 
long. The cathode is 
placed between two 
anodes, each about 1 
em. from the cathode. 
The electrodes dip into 
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Arrangement of a 50-Ml. Burette for 
Use as a Transference Number Cell 
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a 125-ml. beaker containing 15 grams of copper sulfate, 
5 grams of sulfuric acid, and 5 grams of ethanol diluted 
to 100 ml. with water. An approximate determing- 
tion of the cell resistance proved to be about 25,000 
ohms. Since our laboratory is furnished with 220 volts 
d. c., it is not necessary to use a variable resistor. A 
milliammeter is necessary only to check the current at 
the beginning of the experiment and may be removed 
from the circuit. During the time of the electrolysis 
the original stock solution of silver nitrate is analyzed 
by Volhard’s method." 


TABLE 1 
Data From a Typical Experiment at 25° C. 


Equivalents current passed = 0.000872 
Stock solution in g. AgNO;/g. H2O = 0.00869 


Normality of KCNS = 0.04760 
oe Sections after electrolysis 
AC C 
Weight in grams 13.45 11.55 12.97 20.58 
Ml. KCNS solution 
used 23.92 12.38 13.78 12.02 


G. AgNO; /; H,O 


Transference num- 
ber of Ag* cal- 
culated from an- 
ode data 

Transference num- 
ber of NO;7~ cal- 
culated from 
cathode data 0.544 0.523 


¢ “Tnternational Critical Tables,’”’ McGraw-Hill Book Com- 
pany, New York, 1928, Vol. VI, p. 310. 


0.01432 0.00873 0.00866 0.00439 
Expt. value Literature value* 


0.474 0.477 


At the end of about three hours of electrolysis the 
circuit is disconnected and the anode wire pulled down 
until it clears the buret stopcock. The stopcock is then 
closed and the wire and policeman are removed with as 
little vibration of the buret as possible. The four re- 
gions of solution as shown in the Figure (as section A, 
14 ml., AC, 14 ml., CC, 14 ml., and C, 15 ml.) are 
drained into previously weighed 50-ml. weighing bottles 
at the rate of about 3 ml. per minute. The buret is 
rinsed with about 5 ml. of original stock solution and 
added to the bottle containing the cathode solution, C. 
Weights of the solutions are then determined and the 
solutions are analyzed by Volhard’s method for silver. 

The transference numbers are calculated by conven- 
tional methods.!? Two center regions of the solution 
are analyzed individually to prove to the student that 
too small a center region has not been selected. The 
analysis of the two center samples and the stock solu- 
tion should check within 0.5 per cent. 

In Table I are shown the data from a typical experi- 
ment. 

The apparatus could probably be utilized for the de- 
termination of the transference nuiabers of other ions, 
but this has not been verified. 


10 DANIELS, MATHEWS, AND WILLIAMS, op. cit., p. 376. 

11 TREADWELL, F. P., anv W. T. Hatt, “Analytical Chemistry,” 
8th ed., John Wiley and Sons, New York, 1935, Vol. II, p. 652. 

12 PruTron, C. F., anp 8. H. Maron, ‘Fundamental Principles 
of Physical Chemistry,” The MacMillan Company, New York, 
1947, p. 436. 
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DYESTUFFS 


Tux chromatographic adsorption technique first 
described by Tswett in 1906 is seldom presented in the 
introductory organic laboratory. A survey of the 
literature revealed that few of the separations effected 
can be adapted for student use. For this reason experi- 
ments were devised to acquaint the student with the 
principles of chromatography. 

Dyes of unrelated structure were selected for the 
study because of the ease of separation. Previous 
investigators! have shown that dyes can be qualitatively 
resolved on adsorption columns and recently Rieman? 
presented a method of 
chromatographic _anal- 
ysis for estimating small 
quantities (> 1.0 mg.) of 
dyestuffs. For the pres- 
ent work it was desired to 
separate larger quantities — 
of compounds of this a 
type. Activated alumina 
was employed as the ad- jo ee 
sorbent, and 95 per cent 
ethanol and water were aS 
used for developing the 
chromatograms. The 
dye mixtures  investi- 
gated were: (1) methyl- 
ene blue and water-solu- 
ble fluorescein, (2) methyl 
orange and methylene 
blue, (3) Victoria Blue B 
and methyl orange. 

Excellent results were 

obtained in each system 
investigated. Two 
widely separated bands 
developed within a very 
short time and solutions 
of individual dye com- 
ponents were isolated by 
continual elution of the 
column. The total time 
required to prepare the 
column, effect the separation, and collect the eluate is 
three hours. 
The apparatus used for the separation is shown in the 
illustration. The glass column (A) was prepared 
previously by sealing together two lengths of pyrex 
tubing 8 and 14 mm. in diameter. 


1 Ruaeut, P., ano P. JENSEN, Helv. Chim. Acta., 18, 624 (1935). 
2 Rreman, Wo., J. Cnem. Epuc., 18, 131 (1941). 
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Separation Apparatus 


A CHROMATOGRAPHIC SEPARATION OF SOME 


JOHN SHOTT, III and HAROLD W. HEINE 
Bucknell University, Lewisburg, Pennsylvania 


The preparation of the column for adsorption is as 
follows. A plug of glass wool (D) is tamped firmly 
into the constricted portion of the adsorption tube and 
covered with a layer of sand (C) not more than 5 mm. 
thick. After the sand has been leveled off by gentle 
tapping of the tube with a ruler or dowel, the adsorbent 
mixture (B), prepared by shaking together in a wide- 
mouthed bottle 28 grams of activated alumina (Alumi- 
num Ccmpany of America) and 2 grams of Hyflo 
Supercel (Johns-Manville), is added slowly and with 
continued tapping to the tube. Half the quantities of 
alumina and filter-aid recommended above also gave 
excellent results. The tapping process insures an 
evenly packed column. 

A piece of filter paper of the same diameter as the 
column is cut and gently placed on the adsorbent so that 
the surface of the alumina will not be disturbed by the 
elution process. 

The column is now washed with 95 per cent ethanol 
and suction is gently applied. Eluant is continually 
added so that the top of the column never runs dry. 
The water aspirator is adjusted so that the rate of flow 
is about 15 drops per minute. When the first drop of 
eluate falls into the receiver, the column is ready for 
use. The eluate is allowed to come within 1 mm. of the 
top of the alumina at which time the dye is added all at 
once. When the dye solution is 1 mm. above the 
adsorbent, the top of the tube is rinsed with 2 ce. of 
ethanol. 


SEPARATIONS 


Water-Soluble Fluorescein and Methylene Blue. This 
separation offers no difficulty. Five mg. of water- 
soluble fluorescein (Coleman and Bell Co.) and 5 mg. of 
methylene blue (J. T. Baker Chemical Co.) are placed 
in a 4-inch test tube and dissolved in 3 to 4 ec. of 95 
per cent ethanol with vigorous shaking to insure solu- 
tion of the dyes. Ethanol is used as the developer. 
The water-soluble fluorescein is held tenaciously by the 
alumina while the band of methylene blue begins to 
separate almost immediately. The separation is con- 
tinued until the eluate dropping into the receiver is 
colorless. The receiver is emptied and water is now 
used as the eluant. The water-soluble fluorescein 
immediately migrates down the column. 

Methyl Orange and Methylene Blue. This separation 
can be achieved by developing the column with ethanol. 
One mg. of methyl orange and 5 mg. of methylene blue 
are dissolved in 2.2 cc. of ethanol. The dye mixture is 
shaken very thoroughly before pouring on the column. 
The methyl orange is adsorbed more strongly than the 
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methylene blue. It can be collected by eluting the 
column with water after the methylene blue has passed 
into the receiver. 

Methyl Orange and Victoria Blue B. One mg. of 
methyl] orange and 5 mg. of Victoria Blue B are dis- 
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solved in 2.2 cc. of 95 per cent ethanol. The chromato- 
gram is developed with ethanol. Methyl orange 
again possesses the stronger adsorption affinity and jg 
located near the top of the column. It may be eluted 
with water. 


9 


% MORE RELIABLE LETTERS OF EVALUATION 


Eacs year many chemistry teachers are deluged with 
requests for letters of recommendation. The necessity 
for these adjuncts to application forms is well known. 
The acquisition of reliable information for composing 
these “letters of evaluation” (a preferable term) is at 
best a difficult task, particularly in the large college or 
university department of chemistry. 

The present large classes make it practically impos- 
sible for the instructor to learn anything about the per- 
sonal characteristics of his students, with the exception 
of the few who are requested to confer with him or who 
do so by their own request. The average, hard-working 
student, whose personal attributes may be a stronger 
recommendation than his grades, is not usually in this 
group. If these strong personal characteristics are not 
pointed out in a letter of evaluation the author of the 
letter is guilty of an injustice to the student. 

From a slightly different viewpoint, who will be able 
to write a just letter for the premedical student or 
other nonmajor who finds that all of his former chem- 
istry instructors have left the institution? This situa- 
tion develops where the elementary courses are taught 
by temporary instructors or in those institutions which 
have a considerable turnover in the lower ranks of the 
faculty. 

The usual letter of evaluation is too often based on the 
observations of the instructor and the laboratory as- 
sistants in only one course. Such a practice, even un- 
der the most favorable circumstances, may not produce 
an adequate appraisal of the student’s intellectual and 


E. A. METCALF 
The Johns Hopkins University, Baltimore, Maryland 


personal attributes. However, a departmental letter 
based on the student’s performance in all of his courses 
in this department will give a more reliable evaluation 
of his ability and personal characteristics. 

The author has had this job of writing departmental 
letters of evaluation in the Department of Chemistry at 
the Johns Hopkins University for the past four years. 
At the time he was charged with the job the placement 
bureau of the university was unable to furnish the de- 
partment with character sketches of the students. 
Therefore, he installed and put in operation a card sys- 
tem for gathering, recording, and reporting the instruc- 
tors’ and the laboratory assistants’ opinions concerning 
the students’ personal attributes, capabilities, and cali- 
ber of work. This record system has not proved oner- 
ous to the faculty or burdensome to the department. 
The record system not only provides a solution to the 
previously mentioned problems but is also useful for 
maintaining a permanent record of the work and char- 
acter of each student, for quickly checking the relative 
standing of any particular group of students, and as a 
source of reliable information for composing depart- 
mental letters of evaluation. 

The core of this system is a four-by-six inch printed 
card, as shown. The card is designed to allow a large 
portion of the work to be done by secretarial help. The 
secretary prepares a card for each chemistry course a 
student is taking by writing in his name, checking the 
appropriate square in space (1) and using rubber 
stamps to complete the spaces marked witha star. The 
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cards are then given to the instructors for distribution 
to their laboratory assistants. 

In courses having large enrollments the backs of the 
cards are filled in by the laboratory assistants, who, by 
their closer personal contact with the students, are in a 
better position than the instructor to evaluate the stu- 
dents’ personal characteristics. In courses having small 
enrollments the cards are made out by the instructor. 
At the beginning of the year the assistants are given 
sample cards and the system is explained to them. To 
make their evaluations as reliable as possible it is sug- 
gested that they use as their final values an average of 
several evaluations made at intervals throughout the 
term. In most year courses it is possible to give each 
assistant a different group of students for the second 
term, thereby securing a second set of evaluations from 
one course. 

The spaces entitled “Remarks” are used by the labo- 
ratory assistants and the instructors to record in a few 
words any incidents that have occurred or any pertinent 
comments that vividly portray the student’s character- 
istics, aptitudes, or capabilities, regardless of whether 
they have been evaluated elsewhere on the card. If 
the course is a combined lecture and laboratory course 
the instructor may have his assistants indicate the lab- 
oratory ability of the student by an appropriate grade 
inspace (2). The grade for the course and the rank of 
the student in the class are added to complete the card. 

The completed cards are filed by courses in the de- 
partmental office. After the second term’s work has 
been added they are placed in an alphabetical file. Af- 
ter the student graduates or leaves school his cards are 
removed and placed in an inactive file. This keeps the 
active file at a convenient size. 

In addition to the above cards the author uses a sup- 
plemental method for obtaining an over-all view of the 
student’s work. His secretary, on receiving a request 
for a letter, fills in a printed form which covers the fol- 
lowing points: (1) the name of the student, (2) to 
whom and for what purpose the letter is to be written, 
(3) a list of the student’s extracurricular activities and 
offices held in each, summer jobs, etc., (4) the secre- 
tary’s evaluation of the student’s appearance and per- 
sonality, and (5) the student’s grades, as obtained from 
the registrar’s records, in all of his other science courses, 
and his approximate over-all college average. 

The author, on receiving the above printed form, 
along with the record cards from each of the student’s 
chemistry courses, writes the letter of evaluation. At 
times a personal interview with the student is used as 
an additional aid in securing information. The letter of 


evaluation covers the following points: (1) the names 
of the courses taken, the year in which they were taken, 
the term grades and the standing of the student in each 
course; (2) his approximate average in his other science 
courses; (3) his approximate over-all college average; 
(4) the consensus of his instructors and laboratory as- 
sistants concerning his personal attributes and his lab- 
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NAME: YEAR: *® 
COURSE: * COURSE NO. * 

FIRST TERM SECOND TERM 
CHECK ONE OR BOTH © @ @ 
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CCMPCSITE GRADE FOR WHOLE COURSE 


— 
Rank RANK iN CLASSI 


NO. IN CLASS 
RANK INCLASS | 


NAME OF INSTRUCTOR 


NAME OF LASIRATORY ASSISTANT 


REMARKS. FIRST TERM 


Record Card (Front)! 


oratory manipulative skill; (5) a brief statement as to 
his extracurricular activities; and (6) a statement of 
the author’s opinion of the student as a candidate for 
admission or as an applicant for a job. 

In the case of a superior student who has taken junior 
and senior courses in chemistry it is customary to send 
his records, along with a copy of the departmental let- 
ter, to another faculty member who has the student 
currently in class. This faculty member is requested 
to write a note re-emphasizing the capabilities of the 
student. Copies of all letters and the printed form are 
filed in the departmental office while the record cards 
are returned to the appropriate file. 
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| GXAD. WORK IN CHEMISTRY 


CHEM, EMPLOYMENT 
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AS Appr. 


Record Card (Back)! 


In four years of operation this system has saved the 
author innumerable hours as compared to other meth- 
ods used in the past. The reliability of the letters of 
evaluation has been greatly improved. They give 
a more accurate picture of the student than those 
based on his performance in only one course. 


1The next printing of these cards will have the following 

changes: ‘Composite Grade for Whole Courses” will be changed 

to “Composite Grade for Each Term,” ‘Better Than Average’”’ to 

“Above Average,” and “Worse Than Average’”’ to “Below Aver- 
” 


age. 
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Tue ultramicroscope is an effective device ‘for demon- 
strating the probability of molecular motion by its reve- 
lation of the Brownian movement. The instrument 
herewith described and illustrated is easy to assemble 
and adjust, and the lens system is efficient and rela- 
tively inexpensive. This arrangement has the advan- 
tage of enabling one to determine the character of the 
charge on the colloidal particles under observation. 

The materials required are as follows: one ordinary 
100-watt Westinghouse straight-filament clear glass 
lamp; a two-foot length cut from a square-tube steel 
garage door track (the latter makes an excellent optical 
bench when properly supported); six 1!/2 inch washers; 
six 2-inch bolts with thumb nuts and washers; three 
small right-angle irons; cardboard, brass, or copper 
tubing; some tin or aluminum strips for the tube hold- 
ers; lamp sockets; a couple of tin cans for the lamp shield; 
lamp cord and plug; a few wood screws; two achro- 
matic lenses, 32 mm. diameter and 171 mm. focus, and 
one achromatic lens 18 mm. diameter and 35 mm. focus. 
Such lenses can be purchased from war salvage firms for 
about three dollars. 

A piece of wood is cut of such size that it will fit 
closely in the lamp end of the track section and extend 
out a few centimeters. The lamp socket is mounted on 
this extension. 


AN IMPROVISED ULTRAMICROSCOPE 


Cc. C. KIPLINGER 
Lycoming College, Williamsport, Pennsylvania 


Complete Assembly 


The tubes are supported with metal strips, angle 
irons, and bolts as shown in the photograph. Slots cut 
in the angle irons permit a vertical adjustment of the 
light beam. The microscope shown here is a rebuilt 
Bausch and Lomb instrument of moderate cost. The 
track section is slipped between the prongs of the micro- 
scope base and two wood wedges serve to hold the track 
and microscope in firm alignment. 

No slit is used in this instrument. Instead, the re- 
duced image of the straight line lamp filament is pro- 
jected into a thin film of colloidal solution held by capil- 
lary attraction in a cell of special design. 

This cell and mounting consists of the following ele- 
ments. A strip of sheet metal about 4 cm. wide is bent, 
as shown in the diagram, to form a shelf-like superstage. 
A piece of black glass, bakelite, or ordinary glass plate, 
4 cm. square, is cemented to the top. If ordinary glass 
is used, it should be painted black on the bottom and 
edges. 

Two parallel wires are attached to the glass plate by 
cementing them to the glass at the rear end of the super- 
stage and of sufficient length to extend out for battery 
connections. We use #28 chromel wire, but platinum 
wire would be better. These wires must lie flat on the 
glass. A cover glass laid across them forms a thin rec- 
tangular cell open at the front to the beam of light. 
The edge of the cover glass must come even with the 
front edge of the black glass plate. The edge of the 
former should also be blackened. A few drops of the 
colloid solution suffice to fill this cell. 

The wires permit the use of a battery to determine the 
sign of the particle charge. For example, a colloidal 
solution of sulfur was prepared by dissolving 2.48 grams 
of sodium thiosulfate in 10 ml. of water, then adding 
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some HCl gas by blowing across the top of an unstop- 
pered bottle containing concentrated HCl solution. As 
soon as the solution became cloudy it was diluted to 100 
ml. yielding a tenth-molar solution. 

When this solution was placed in the cell and prop- 
erly illuminated three 1'/2-volt cells connected in series 
with a key and low resistor were connected to the cell. 
On closing the circuit through a resistance of one ohm 
the sulfur particles moved rapidly toward the positive 
pole, thus revealing their negative charge. 

A piece of polaroid film laid over the eyepiece of the 
microscope often will give a clearer field. by cutting off 
the light polarized by reflection. 

The total cost of this equipment, the microscope ex- 
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cepted, should be less than ten dollars. In conclusion, 
it should be pointed out that there is nothing critical 
about the lens system used for illumination. Any ar- 
rangement that will project a bright and sharp image 
of the lamp filament into the cell will prove entirely 
satisfactory. 

Cell Construction 


& TESTING THE OUTCOMES OF CHEMICAL 


EDUCATION’ 


Tur Educational Testing Service is a young organiza- 
tion engaged in the full-time occupation of educational 
testing. Within the organization there is a Test De- 
velopment Department through which all tests make 
their way while progressing from an idea to the finished 
product. Within the Test Development Depart- 
ment are sections for such subjects as mathematics, 
science, social studies, and humanities. Each section 
consists of persons with advanced training in their re- 
spective fields, experience in teaching, and some ex- 
perience in the field of testing. 

A test first reaches the Test Development Depart- 
ment when in the planning stage. Specifications regard- 
ing its purpose, contents, and format are generally made 
by the contracting agency (for example—Association 
of American Medical Colleges, for whom we prepare 
the Medical College Admission Test) in consultation 
with an ETS project director who maintains the over- 
all responsibility for the test. A committee of examin- 
ers is then appointed. I should like to emphasize that 
ETS places considerable stress upon the system of com- 
mittees for all of its test programs. 

Members of the examining committees are all experi- 
enced teachers who are active in their particular fields. 
These people are recommended by the contracting 
agency or professional societies, or they are people 
with previous experience in testing. Because ETS tests 
are administered on a nation wide basis, the geograph- 
ical representation of the membership is also con- 
sidered. 


1 Presented at the 118th Meeting of the American Chemical 
Society, Chicago, Illinois, September, 1950. 


BEATRICE LEVY 
Educational Testing Service, Princeton, New Jersey 


The committee of examiners, working with the con- 
tracting agency and ETS, draws up the plan of the test, 
makes an outline of the material to be covered, and then . 
proceeds with question-writing. Two to three times 
more test questions are prepared than will be used, 
allowing for the failure of some questions during pre- 
testing and permitting some flexibility during the as- 
sembling of the test. Pretesting is almost a self-de- 
fined word. It is literally a test “before” the test. 
The newly written questions are edited for spelling, 
grammar, punctuation, capitalization, consistency, im- 
provement of style, and clarity. Then they are as- 
sembled into tests which are administered to groups 
comparable to the population that is ultimately going 
to be tested. If it can be assumed that the characteris- 
tics of this pretest population are the same as those of 
the regular population, certain statistical processes 
may be applied to the test results to determine the 
testworthiness of the new questions. In this way poor 
questions may be discovered and removed. A good 
question is one which is answered correctly by people 
who do well on the whole test but is answered incor- 
rectly by those who do poorly on the whole test. The 
statistical measure of this tendency is called the biserial 
r, and questions which have a biserial r lower than 
+0.30 (where the maximum r is + 1.00 and the minimum 
is —1.00) are generally discarded. 

From the batch of questions which survive the ordeal 
of pretesting, the committee assembles a final form. 
This final form is submitted to close scrutiny by a 
member of the subject-matter section who makes cer- 
tain that no duplication of questions or gross errors 
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have slipped into the test during the process of as- 
sembling, that the subject-matter coverage is complete, 
and that there is an adequate range of difficulty levels. 
Answer keys are prepared by both the committee and 
ETS and are checked very carefully by all concerned. 
The test is given a second quick editing to catch errors 
which may have slipped by during the first. After 
copy is prepared it is reviewed again, and when the final 
printing is complete the test receives another complete 
review and keying. It is now in a form ready to be 
administered for the purpose for which it was intended. 


A. C. S. CHEMISTRY TESTS 


The purposes for tests are many, but the one in 
which we are most interested here is to test, for one 
reason or another, the degree of achievement in the 
field of chemistry. Many of the ETS programs include 
chemistry tests. The only tests which are available 
for purchase by colleges generally, however, are the 
Cooperative Tests, which include the A. C. S. series. 
This series consists of tests in each of the following areas 
of college chemistry: general chemistry, qualitative 
analysis, quantitative analysis, organic chemistry, 
physical chemistry, and biochemistry. A set of per- 
centile rankings or norms are provided with each test. 
Mr. William Angoff of the Statistical Analysis Depart- 
ment has written a few lines explaining norms which I 
should like to present. 


Any mental test may be considered an instrument of measure- 
ment. One important difference between mental and physical 
instruments of measurement is that the scales of measurement 
for so-called mental properties are much more numerous and 
varied than are those in the area of physical measurement. 
Consequently, a measurement, that is, a score on a mental test 
of, say 43, means nothing in itself, unless additional data are 
given for use in evaluating that measurement. Similarly, addi- 
tional data must be provided to aid in the evaluation of total class 
performance. It is for these purposes that norms are estab- 
lished. Ideally, a set of norms for a test should be based on a 
well-defined population whose characteristics are known to the 
test user and are similar to those of the group of people whose per- 
formance he has measured. In the practical situation, however, 
particularly in the case of the A. C. S. Chemistry tests, the 
students taking the tests are so heterogeneous that no well- 
defined population can be established for norms purposes. 
As a reluctant compromise Educational Testing Service makes 
use of all available test results and sets up norms for as many 
separate, homogeneous groups as the available numbers of cases 
warrant. This means separate norms for students taking one- 
and two-semester courses, for students receiving different amounts 
of lecture and laboratory training per week, etc. Naturally, 
reliable norms cannot be established unless the tests are ad- 
ministered in the way prescribed by the publishers and unless the 
papers are accurately scored. Obviously, if each institution 
administers the test and scores its papers differently, the re- 
sulting norms are meaningless. In fact, it is evident that schools 
must always score their answer sheets correctly if they are to 
make appropriate comparisons with norms. In the 1949 Na- 
tional Chemistry Testing Program, so many errors were found 
in the returned answer sheets that complete rescoring had to be 
done in a large percentage of the cases. Also, many schools had 
to be omitted from the norms because insufficient information 
had been supplied regarding the type of course given. Educa- 
tional Testing Service relies entirely on the cooperation and whole- 
hearted response of the participating colleges in the A. C. S. 
Chemistry Program. Without YS cooperation we cannot pro- 
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vide you with the kind of reference data we want to prepare and 
the kind you need to evaluate the performance of your students, 


A teacher may use the results of these tests in a vari- 
ety of ways: as one criterion for judging student per- 
formance, as a means of comparing the effectiveness of 
a course with similar courses given elsewhere, or ag an 
indication of the success of his teaching. No demands 
are made upon the test consumer after he has purchased 
the tests other than the type of cooperation which Mr. 
Angoff mentions. 


OTHER TEST OFFERINGS IN CHEMISTRY 


Most of our programs, however, are not released to 
the general test-using public but are maintained 
with the strictest security. These tests are prepared, 
analyzed, published, administered, scored, and re- 
ported by ETS. Probably the most well-known pro- 
gram with a chemistry test is the College Entrance Rx. 
amination Board series. These tests are administered 
to high-school students to evaluate their secondary- 
school preparation for entrance into college. Each can- 
didate takes both an aptitude test and one or more 
achievement tests. 

The achievement test in chemistry is one hour long. 
A standard secondary-school course in the field, includ- 
ing both classroom and laboratory work, is considered 
to be adequate preparation for this test. Test results 
are reported on a standard scale on which a score of 500 
represents the typical candidate. Two-thirds of all 
students score between 400 and 600. The test is, as! 
have stressed before, a product of the joint effort of the 
Board of Examiners in Chemistry (the committee) 
and the chemistry test technician of ETS. The Board 
committee is composed of three college chemistry 
teachers and two high-school teachers. A balance is 
thereby achieved between two mildly divergent schools 
of thought about the purpose of a high-school chemis- 
try course and what is to be expected of students who 
have finished it. 

At the college graduation level ETS sponsors the 
Graduate Record Examination which tests college 
graduates in the same way as the College Board tests 
high-school graduates. Its main purpose is the evalua- 
tion of a student’s fitness to pursue graduate studies, 
as evidenced by aptitude, integration of background, 
and proficiency in his major subject and related minors. 
The Advanced Test in Chemistry of the GRE is a 
three-hour survey of the areas of chemistry generally 
covered in an undergraduate chemistry major. The 
range of difficulty of the test items varies from ques- 
tions which can be answered by a first-year student to 
questions which can be answered using material given 
in elementary graduate chemistry courses. The test 
is assembled from questions written by an examining 
committee of five specialists in the field of chemistry— 
four college teachers and a research chemist with years 
of teaching experience. Results are scaled by the 
method employed with the College Board tests (that is, 
with a score of 500 representing the typical candi- 
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date), and scores are reported in the same way. Com- 
petent authorities in the field of chemistry have sug- 

that this same test might prove useful as a final 
emprehensive examination for schools which do not 
now test their chemistry majors. 

The Medical College Admission Test and the Na- 
tional Teacher Examinations also contain chemistry 
questions. Because of the general nature of these pro- 
gams, chemistry achievement is tested in conjunc- 
tio with one or more of the other sciences. More 
stress is placed upon aptitude in science than upon 
achievement in any one field. 


TYPES OF QUESTIONS? 


The most commonly used questions in objective 
testing are the five-choice or completion 1-5 items. 
They are the most versatile type at our disposal. Skill- 
ful arrangement of words in the premise (statement or 
question) and of the words in the choices offers the test 
constructor a variety of possibilities. They are most 
easily constructed to test recall of specific information 
but may be designed to require reasoning and under- 
standing in order to arrive at the correct answer. The 
following samples are ways in which this type of item 


may be used in chemistry tests. 
Completion 1-5 
Recall of in- 1. The atomic number of fluorine is 


(A) 6, (B) 7, (C) 8, (D) 9, (E) 10 


A sodium atom and a sodium ion 
(A) contain the same number of electrons, 
(B) have identical nuclei, (C) have the 
same physical properties, (D) are iso- 
topes, (E) differ in the number of protons 
they contain 


In the laboratory preparation of hydrogen 
from zinc and dilute sulfuric acid 
(A) manganese dioxide is used as a cata- 
lyst, (B) the gas is collected over water, 
(C) the resulting solution is green, (D) 
the gas is heavier than air, (E) the mix- 
ture is heated to boiling 
The weight, in grams, of KOH required to 
prepare 11.9 grams of KBr by the reac- 
3H,0 is 
(A) 6, (B) 6.72, (C) 56, (D) 67.2, (E) 336 


formation 


Application of 2. 
information 


Laboratory 3. 
observation 


The present trend in educational testing is to place 
emphasis upon the application of basic knowledge to 
various situations. Four different types of questions 
are given below which are now in use for testing that 
sort of ability. 

First there is the classification-type question which 
involves the association of an idea with one of several 
key headings. Two main varieties of this type are 
used: the five-choice type in which five different key 
headings are used and the four-choice type in which two 
key headings are used, together with the headings “both” 
and “neither.” The illustrated example is a five- 


_* Carne, Bernanp S., anp Joun W. Lanois, “Sample objec- 
tive questions in science,”’ Educational Testing Service, 1950. 


choice one. This item type has the advantage of tak- 
ing little time to cover a great deal of material and of 
providing a maximum number of scorable units in a 
given length of time. It is particularly useful in chem- 
istry since simple diagrams, symbols, principles, laws, or 
graphs are well suited for use as key headings. 


Classification 1-5 

Directions: Each group of questions below consists of five let- 
tered headings followed by a list of numbered words or phrases. 
For each numbered word or phrase select the one heading which 
is most closely related to it. Indicate your selection on the ap- 
propriate line of the answer sheet by blackening the space under 
the letter of your choice. 


(A) Fluorine 

(B) Chlorine 

(C) Bromine 

(D) Iodine 

(E) Benzine 

Compound 

Lightest element of the halogen series 
Dark-red liquid 

Forms an acid which etches glass 
Creates intense blue color when added to starch 
Low-boiling naphtha 


II. (A) Hypothesis 

(B) Problem 

(C) Principle 

(D) Observation 

(E) None of the above 

The barometric pressure today is 776 mm. Hg. 

Since the barometer is steadily rising the weather to- 
morrow will be clear. 

Mercury has a density of 13.6 g./ml. 

The volume of a gas varies inversely with the pressure. 
The symbol for mercury is Hg. 


The second type is the comparison type. These 
items are used to test the understanding of the student 
of quantitative relationships on the one hand and of 
chronological relationships on the other. Both types 
require that the student have a firm command of basic 
principles and that he be able to integrate his knowledge 
before arriving at the correct answer. 


Quantitative Comparison 1-3 

Directions: The following paired statements describe two enti- 

ties which are to be compared in the quantitative sense. On 

the appropriate line of the answer sheet blacken the space under 
A, if the entity described on the left is greater than that on the 
right; 
B, if the entity described on the left is less than that on the 
right; 
C, if the left and right are approximately the same. 

1. The volume occupied by The volume occupied by one 
one gram molecular weight gram molecular weight of 
of helium at standard con- oxygen at standard condi- 
ditions tions 

2. The concentration of oxy- The concentration of oxygen 
gen in the right auricle of in the left auricle of a mam- 
a& mammalian heart malian heart 

3. The concentration of bar- The concentration of barium 
ium chloride in a one- chloride in a  one-normal 
molar solution solution 


The third type is the Supplemented Paragraph Com- 
prehension, in which a technical paragraph, table, or 
graph is followed by a series of statements. The stu- 
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dent is asked to classify each of the statements accord- 
ing to whether it may be warranted by the presented 
material, contradicted by it, true but not warranted by 
the material, or contradicted by evidence other than 
that in the material. This type of item was developed 
to test real comprehension of scientific material in 
contrast to mere reading ability. The type also re- 
quires the student to judge whether the statement is 
actually warranted by the facts presented and thus 
tests his ability to remain within the facts. 


Supplemented Paragraph Comprehension 1-4 
Directions: In this part of the test there will be several passages 
each followed by a series of statements. Read the pasage and then 
classify each of the statements under one of the following cate- 
gories: 

(A) The statement is warranted by information given in the 


passage. 
(B) The statement is true but not warranted by the passage. 
(C) The statement is contradicted by the passage. 
(D) The statement is contradicted by other established evi- 
dence. 


Passage: 


The only carbohydrate which the human body can absorb and 
oxidize is the simple sugar glucose. Therefore, all carbohydrates 
which are consumed must be changed to glucose by the body be- 
fore they can be used. There are specific enzymes in the mouth, 
stomach, and small intestine, all the other monosaccharides are 
changed to glucose by enzymes secreted by the intestinal glands, 
and the glucose is absorbed by the capillaries of the villi. 

The following simple test is used to determine the presence of 
the monosaccharides. If Benedict’s solution is added to a solution 
containing glucose or one of the other monosaccharides and the 
resulting mixture is heated, a brick-red precipitate will be formed. 

This test was carried out on several substances and the infor- 
mation in the following table was obtained. ‘“P” indicates that 
the precipitate was formed and “‘N”’ indicates that no reaction 
was observed. 


Material tested Observation 
Crushed grapes in water............. 4 
Cane sugar in water................ N 
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Statement: 

1. Grapes contain monosaccharides. 

2. Cane sugar is absorbed from the small intestine. 
3. The body uses sugar for energy. 

4. Molasses is a good source of protein. 

5. Corn syrup must contain glucose. 


The last type is the cause-and-effect question, which 
is used in comparatively high-level examinations to 
test both knowledge of subject matter and under. 
standing of what is involved in the cause-effect relg- 
tionships of a situation. 


Cause and Effect True-False 1-5 


Directions: Each of the following sentences consists of two main 
parts: a statement and a reason for that statement. On the 
appropriate line of the answer sheet blacken the space under 
A, if both the statement and the reason are true and are re. 
lated as cause and efiect; 
B, if both the statement and the reason are true but not related 
as cause and effect; 
C, if the statement is true but the reason is false; 
D, if the statement is false but the reason is an accepted fact or 
principle; 
E, if both the statement and the reason are false. 

1. If the pressure of a gas remains constant, the volume o/ that 
gas will vary directly with the absolute temperature because 
the kinetic energy of the molecules of the gas is dependent 
upon the amount of heat energy available. 

2. The U-235 atom undergoes fission when bombarded by 
neutrons because the neutrons destroy the meson bonds. 

3. Chlorine and fluorine are in the same group in the periodic 
table because they were placed there by Mendeleev. 


Frequently, during discussions concerning objective 
testing, the criticism has been made that testing agen- 
cies do not keep abreast of the new developments in 
education. ETS is aware of this challenge and for this 
reason maintains constant touch through attendance 
at professional meetings and through its committees 
who serve as a continuous liason between ETS and the 
general field of education. 


ALTERNATIVE METHOD FOR THE PERKIN REACTION 


Dr. K. C. Pandya, Professor of Chemistry at St. John’s 
College, Agra, India, has suggested an alternative 
method for the preparation of cinnamic acid to the one 
given by R. E. Buckles in our last April issue.’ 
According to Dr. Pandya’s method,’ 1.06 g. of benz- 


1 Buckugs, R. E., “The use of the Perkin reaction in organic 
laboratory classes,” J. Coem. Epuc., 27, 210 (1950). 

2 Panpya, K. C., anp R. B. Panpya, Proc. Indian Acad. Sci., 
XIV, 116 (1941). 


aldehyde, 1.05 g. of dry malonic acid, and 0.13 g. of 
freshly distilled pyridine were mixed and heated to- 
gether on a water-bath for four hours, when white 
crystals of cinnamic acid were formed. They were 
extracted by treatment with sodium carbonate followed 
by precipitation by means of a mineral acid. The 
product melted at 133° and weighed 1.4 g., which repre 
sents a yield of 94.6 per cent. 

Dr. Pandya has used this method successfully with 
more than 24 different aromatic aldehydes. 
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Tue seminar in the natural sciences at the Workshop 
in Catholic Higher Education for Women, held at Lo- 
retto Heights College in Denver, attacked the now well- 
worn problem of the place of the sciences in a general 
education with a technique designed to stimulate inter- 
est of a vital nature. Instead of viewing the situation 
from the stand of the educationists and fitting science 
into the general pattern, the seminar members ap- 
proached the question from the viewpoint of the scien- 
tists and discussed the debatable answers to: ‘What 
part do general education science courses play in a 
science curriculum?” 

The hue and ery of many nonscience faculty mem- 
bers have been that it is the science major who is not 
“generally” educated. This matter has been well re- 
futed in an article by Doctor Van Evera of George 
Washington University,’ and was not on the agenda of 
the science seminar since the members were all of one 
mind, agreeing with Dr. Van Evera that the science 
major with his requirements in history, sociology, eco- 
nomics, and English is probably a far more broadly 
trained man than is his classmate who has almost no 
science. 

However, the workshop group appreciated the fact 
that the broad overview of the natural sciences, as pre- 
sented by the general course, was of significant value to 
the science major, along with the required elementary 
science courses, and consequently studied the problem of 
how to fit the science general course, or the achieve- 
ment of its broad objectives, into the science cur- 
riculum. 

There appeared to be three methods for attaining 
this end: 

(1) All students, whether science majors or non- 
science majors, would take the science general course. 
In the second year the science major would start his 
sequence of major studies. This would necessarily 
minimize the amount of specialization a science major 
could undergo. As to the benefits or detriments de- 
rived from such a procedure there were many pros and 
cons. This method is being used at various colleges, 
among them, St. Xavier’s college in Chicago. 

(2) In this method, all students would take a science 
general course geared to the presentation of a basic, 
over-all view of one science. The course would not 
be a survey type but would contain the essential ele- 
ments of one science well knit together. At the end of 
such a course, which could be terminal at the end of a 


_' Van Evers, Bensamin D., “Chemistry and liberal educa- 
tion,”’ Chem. Eng. News, XXVI, 446 (February 16, 1948). 


REPORT OF A SEMINAR ON THE GENERAL 
SCIENCE COURSE IN HIGHER EDUCATION 


SISTER MARY MARGUERITE CHRISTINE 
Mundelein College, Chicago, Illinois 


semester, the science major would continue to build 
his major sequence. His next course would simply be a 
broadening and a deepening of the first. It would 
presume on the knowledge gained from the first course, 
and consequently no valuable curriculum time would be 
removed from the specialization period of the science 
major. Something along this line is being done in the 
chemistry department of St. Louis University. 

(3) In the last method, the science major would 
take the elementary course in his major field and 
would not take the general course in science. Then 
during his senior year he would participate in a seminar 
which would integrate his major studies with related 
sciences and with other fields. This would permit him 
to gain that over-all view of science and science re- 
lationships essential to a real understanding of any 
natural science. 

A considerable time during the seminar meetings 
at the Workshop was devoted to a study of various 
general courses. Methods of approach and pedagogi- 
cal techniques were analyzed, and courses of study 
examined. Evaluation techniques were discussed dur- 
ing one session under the capable direction of Dr. 
Chester Harris of the University of Wisconsin. The 
pertinent question of the training of faculty to man the 
science general courses was raised time and again. 
The consensus of opinion prevailed that the value of 
the general course depended on the faculty member 
presenting the course. Finally, the formal report of 
the seminar was offered to the general assembly in the 
form of a panel discussion, the outline of which follows: 


I. What is our problem as science teachers? 
Objectives of science. 
Needs of students. 
II. What is the traditional pattern in science? 
What are the trends in the science curricula? 


III. What is the place of general education in the 
science curriculum? 
Methods of approach in general courses. 
Techniques. 
IV. How is the teacher to be prepared for general 


education in science? 


In discussing the training of teachers for general 
education courses special reference was made to the 
present program at St. Louis University, which offers a 
Master’s degree in Chemistry Education and is in the 
process of formulating a curriculum for a Ph.D. degree 
especially designed for the future teacher of general 
education courses. 
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PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 
SECOND ANNUAL MEETING 


Tue Pacific Southwest Association of Chemistry 
Teachers held its second annual meeting in Los Angeles 
area on November 3-4, 1950, and representatives from 
every part of California participated in the two-day 
program. Philip Gill, Glendale City College, Chair- 
man-Elect of the Southern California Section of the 
PSACT, was chairman of the program committee. 

Friday evening, November 3, the Association par- 
ticipated in the Southern California sectional meeting 
of the American Chemical Society, held on the campus 
of the California Institute of Technology. Following 
the dinner, the general meeting was addressed by Dr. L. 
Zechmeister, Professor of Organic Chemistry at the 
California Institute of Technology, on the subject, 
“Some problems and applications of chromatogra- 
phy.” Dr. Zechmeister, an eminent authority in this 
field and author of a book and many research papers on 
chromatography, reviewed its recent applications to 
problems in the separation of organic isomers and in the 
elucidation of the chemistry of marine life. Immedi- 
ately after the general session, the assembly broke up to 
attend group meetings, one of which was sponsored by 
the Pacific Southwest Association of Chemistry 
Teachers for its own members. The principal speaker 
at this session on chemical education was Dr. J. B. 
Ramsey, University of California at Los Angeles, who 
discussed the history and development of the first-year 
chemistry course at U.C.L.A. With the aid of mimeo- 
graphed outlines, Dr. Ramsey discussed the choice of 
subject matter and texts, the interrelationship of lec- 
tures, laboratory work, and recitations, and the policies 
of their department in instruction, testing, grading, etc. 

On Saturday, November 4, the Association met for a 
very full day of activities on the campus of the Uni- 
versity of Southern California. Dr. Arthur Furst, 
President of the Association, opened the morning pro- 
gram and presided at the panel discussion on ‘The se- 
quence of topics in general chemistry.” Leading the 
discussion were: Dr. K. J. Mysels, University of Cali- 
fornia; Dr. N. Davidson, California Institute of Tech- 
nology; and Dr. W. C. Pierce, Pomona College. 

An entirely new sequence in the presentation of the 
subject matter of general chemistry was presented by 
Dr. Mysels, developed by himself and Dr. Charles S. 
Copeland for a rigorous, terminal course for electrical 
and mechanical engineers who have a serious interest in 
chemical principles. Dr. Davidson discussed the pur- 
poses for the order used in teaching the general chemis- 
try at the California Institute of Technology. He 
brought out the importance of sequence in laboratory 
work, in which experiments illustrating one principle 
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may involve the understanding of more advanced ma- 
terial than can be presented profitably at the time. 
Dr. Pierce outlined a new program, affecting the distri- 
bution of time and subject matter in the first two years, 
which is being tried this year at Pomona College. 

The afternoon program consisted of the following 
papers: 

“The Fulbright Fellowships, especially those of in- 
terest to chemists,” by Dr. Howard Benninghoff, City 
College of San Francisco. Since Dr. Benninghoff was 
unable to attend, his paper was read by the Secretary, 
Valerie Phillips, San Francisco Junior College. 

“The Chicago A.C.S. Meeting,” by Dr. Harper 
Frantz, Pasadena City College. Dr. Frantz commented 
on the highlights and his own personal impressions of 
the 118th Meeting of the American Chemical Society 
and the 6th National Chemical Exposition; both were 
convincing evidence that this is a chemical age. 

“The use of lantern slides in the teaching of or- 
ganic chemistry,” by Dr. Norman Kharasch, Uni- 
versity of Southern California. Dr. Kharasch illus- 
trated his talk with some of the slides he makes himself 
to accompany his mimeographed lecture notes for his 
organic chemistry classes. He concluded by making a 
slide in less than two minutes and projecting it. 

“The movie review program of the JOURNAL oP 
CuemicaL Epucation,”! by Richard Wistar, Mills 
College. Dr. Wistar asked for the cooperation of all 
teachers in this extensive undertaking of evaluating 
films on chemical subjects, and outlined the points to be 
commented upon in a review. Through the publication 
of reviews which represent the composite opinion of 
several teachers, Dr. Wistar hopes to help teachers 
make selections with a minimum waste of time and to 
stimulate producers to make more and better films. 

“Joys and sorrows of a teacher of science,” by Dr. 
Joel Hildebrand, University of California at Berkeley. 
From his years of experience in the teaching of general 
chemistry, Dr. Hildebrand culled many and various 
happeningsin the remembrances of which the joysfarout- 
weighed the sorrows. Among the joys he listed the chal- 
lenge of each new class, the gratification derived from 
the accomplishments of former students, and the pleas- 
ure afforded by the subject of chemistry itself. Chem- 
istry, according to Dr. Hildebrand, can afford great 
satisfaction to the teacher because it is a concrete sub- 
ject, a dramatic subject, a stimulating and growing 
science, a subject which is basic to the understanding of 
other sciences, and which is well able to exercise the 
greatest intellectual capacities of the human mind. 

1 See JOURNAL, 27, 488 (1950). 
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Tue phenomenal advances in fluorine chemistry 
during the past ten years enabled the chemical industry 
to announce some of the most unusual products known 
to the industrial world. With grateful appreciation to 
the press, popular attention was called to the handiwork 
of the fluorine specialists such as new plastics, lubricants, 
dielectrics and many other products with superb and 
unique properties. Even the average student of 
chemistry was caught by surprise with these announce- 
ments on the king of the halogen family. This 
unawareness is easily understood. Authors of college 
textbooks have been most parsimonious on the subject, 
and their abbreviated discussions gave a diabolical 
undertone to fluorine chemistry, as judged by the re- 
activity and corrosiveness of the free element and its 
acid. Little thought was given to the harnessed energy 
of this element, capable of producing some of the most 
stable compounds known to mankind. Since the aver- 
age reader is interested in general information rather 
than complex theories and reactions the writer has 
chosen to touch briefly on the occurrence of fluorine, 
its position in the Periodic Table, fluorine’s historic 
milestones, and the commercial implications of the 
1949-50 era. 

Fluorine occurs to the extent of 0.03 per cent in the 
earth’s crust, and in spite of this low concentration it is 
nineteenth in abundance among the elements. Its 
abundance is two-thirds that of chlorine, three times 
that of copper, and 15 times that of lead. The chief 
fluorine minerals are rock phosphate, fluorspar, and 
cryolite, with fluorine contents of 3.5, 48.5, and 54 per 
cent, respectively. Cryolite, NasAlFs, is inconse- 
quential because of its scarcity and the strong com- 
petitive position of synthetic cryolite from fluorspar. 
Outside of fluosilicic acid and its salts, which are by- 


1 Presented at the Twelfth Summer Conference, New England 
Association of Chemistry Teachers, University of Connecticut, 
Storrs, Connecticut, August 24, 1950. 

? Chemist and Head of the Fluorspar Division and its fluorine 
research laboratories. 


RECENT ADVANCES IN FLUORINE 


GLENN C. FINGER’ 
Illinois State Geological Survey, Urbana, Illinois 


products of the phosphate fertilizer acidulation industry, 
rock phosphate, CaFCa,(PO,)2, is not a convenient 
source of fluorine. However, it is potentially the 
world’s greatest fluorine reserve (1). Fluorspar, CaF», 
is the chief source of fluorine for the chemical industry. 
The Illinois-Kentucky fluorspar district accounts for 
over 80 per cent of the production of the United 
States. Depending upon economic conditions and the 
depletion of fluorspar reserves, the natural mineral may 
have competition from a synthetic calcium fluoride 
obtained by a rock phosphate defluorination process 
now under investigation by the Tennessee Valley 
Authority (2, 3, 4). Essentially, the process involves 
the reaction of water with molten rock phosphate, 
causing the fluorine to be evolved as an impure hydro- 
fluoric acid stack gas and recovered in a limestone- 
filled tower as calcium fluoride. 

The development of synthetic optical calcium fluoride 
crystals for use in infrared instruments should be men- 
tioned. Because of the scarcity of natural optical 
material the Harshaw Chemical Company is producing 
large single crystals by its special cooling process from 
the molten state. Lithium fluoride crystals are pro- 
duced in the same way. 

Hydrofluoric acid, especially the anhydrous acid, is 
rapidly becoming a common chemical of commerce, and 
is produced by the reaction of sulfuric acid on fluorspar 
in a heated rotary kiln. The production of this acid 
has progressed in the last decade to carload lots, such 
as 27,000 tons for 1949 (5). A new plant (6) completed 
in 1949 has a production capacity of 600 tons per month 
and can be operated safely with two operators on a 
shift. This is a far cry from Marggraf’s discovery of 
the acid in 1768 and the unfortunate experiences of 
Berzelius, Davy, Gay-Lussac, Thenard, the Knox 
brothers, Moissan, and others of chemistry’s Hall of 
Fame. The corrosive and toxic properties of hydrogen 
fluoride cannot be mitigated, but with modern tech- 
niques in the laboratory and plant it can be handled 
safely and with simplicity. Since the acid is fluorine 
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chemistry’s key chemical, its growth in tonnage pro- 
duction is an excellent index of the broadening impact 
of a new field of chemistry. 

To the uninitiated, fluorine appears to be surrounded 
with a shroud of mystery, but a glance at the periodic 
table will reveal some fundamental facts about the Dr. 
Jekyll and Mr. Hyde properties of fluorine and its 
compounds. Fluorine occupies the upper right-hand 
corner, and is the first member of Group VII, the halo- 
gen family. It is the most electronegative and most 
reactive element known. Since it is the first element in 
the halogen family it has a dual personality, in that it 
not only has family attributes but also properties quite 
foreign to the other halogens. If the subject is ap- 
proached from this point of view the actual picture is 
much less confusing, and speculation by analogy is 
tempered with caution. 

The two most brilliant scientists of all time in fluorine 
chemistry are Moissan of France and Swarts of Belgium. 
They were contemporaries and their studies laid the 
foundation stones of many of our modern develop- 
ments. Moissan (7) isolated fluorine in the free state 
in 1886 by the electrolysis of potassium acid fluoride 
and then studied many of its reactions. Modern cells 
operating on the same principle are producing fluorine 
on a tonnage basis. Many of the higher metallic 
fluorides superficially described by this savant are now 
available in quantities. The explosive reactivity of 
fluorine with organic molecules, observed by Moissan, 
induced Swarts to look for an entirely different method 
for the synthesis of organic fluorine compounds. In 
1892 Swarts announced the synthesis of CCl;F and 
CHC1,F by the reaction of anhydrous antimony tri- 
fluoride on carbon tetrachloride and chloroform, respec- 
tively. This reaction of an organic chloride with a 
metallic fluoride and its expanded version is now known 
as the Swarts reaction. Its industrial significance is 
expressed in the production of fluorinated derivatives 
of methane and ethane for use as refrigerants, propel- 
lants in aerosol bombs, etc. As early as 1944 the pro- 
jected production capacity of dichlorodifluoromethane 
was 2400 tons per month (8). In 1949 the production 
of aerosol bombs alone was 25,000,000 units (9). The 
studies of Swarts at the turn of the century on the 
fluorinated ethylenes laid the foundation for the new 
fluorinated polymers that are now beginning to appear 
on the market. In retrospect, it is quite difficult to 
divorce present-day advances from the influence of the 
studies of Moissan and Swarts. Collectively they pub- 
lished over 100 papers. 

The 1930-40 decade is especially significant in the 
industrial awakening and development of fluorine 
compounds. Prior to this period the only compounds 
available in commercial quantities were aqueous 
hydrofluoric acid and some of its more common salts. 
About 1930, two very important industrial develop- 
ments took place, the commercial production of an- 
hydrous hydrofluoric acid (1/0) and the new Freon 
refrigerants (11). These industrial chemicals broke 
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the bottleneck of the availability of raw materials. 
Close on the heels of these developments, new fluorine. 
containing dyes of unusual stability appeared on the 
American market from Germany. The I. G. Farbenip- 
dustrie in 1933 obtained a patent on the use of HF 
in the synthesis of aromatic fluorine compounds (12), 
and in 1939 was credited with the first patent on fluo- 
rinated polyethylene polymers (13). 

With the preceding background material, the writer 
has chosen the 1940-50 decade as the period of recent 
advances. ‘This period is characterized by the fabulous 
expenditure of money on fluorine research, the vast 
amount of experimental data collected, and the unfor- 
tunate slanting of research during a war effort. 

In 1941 the du Pont Company obtained a patent ona 
tetrafluoroethylene polymer which is commercially 
available under the trade name of Teflon. At the 
behest of the Manhattan Atomic Energy project, 
the development of the former I. G. chlorotrifluorethyl- 
ene polymer was expedited and is knownas Fluoroethene 
and Kel-F. These plastics have unique properties (14, 
15), are very resistant to solvents and corrosive chemical 
agents, noninflammable, stable over a wide temperature 
range up to 250°, and possess excellent dielectric prop- 
erties. For extreme conditions, they are being fabri- 
cated into gaskets, diaphragms, electrical insulators, 
and other items. As suspensoids they are becoming 
available for coating purposes. 

The synthesis of highly fluorinated hydrocarbons is 
one of the most remarkable achievements in organic 
fluorine chemistry. Results of this research (/6, 17) 
are manifested in the new noncorrosive and chemically 
inert liquids, greases, and waxes which are now becon- 
ing available as dielectrics, fire extinguishers, lubricants, 
pump oils, hydraulic fluids, magnetic clutch liquids, 
etc. Essentially they are completely fluorinated com- 
pounds with very little unsaturation and hydrogen 
content. During the war the term ‘‘perfluorocarbons” 
was coined for these compounds as a simple appellation. 
The methods of synthesis which have been developed 
can be classified as: (1) polymerization, (2) direct 
fluorination with gaseous fluorine or higher metallic 
fluorides, and (3) electrochemical fluorination. The 
first method depends upon the controlled polymeriza- 
tion of fluorinated ethylenes to the physical state 
desired; the aforementioned plastics represent the 
upper limit of polymerization. Higher molecular 
weight compounds with a (CF:), constitution can be 
obtained also by a thermal cracking process of CHCIF;; 
tetrafluoroethylene and _ octafluorocyclobutane are 
among the products of reaction. A recent discovery 
(18) that CF;I and C,F;I will react with olefins in the 
presence of ultraviolet light to form long-chain com- 
pounds merits watching. These processes have the 
advantage of using simple compounds produced by the 
Swarts reaction. 

The direct fluorination of hydrocarbons (19) with 
fluorine gas is accomplished in a copper reactor packed 
with copper shot or gauze. Ordinarily the fluorine 
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stream is diluted with an inert gas such as nitrogen. 
A modified and somewhat more convenient method is 
the passage of a hydrocarbon over certain higher 
metallic fluorides such as CoF; and AgF» at a suitable 
temperature. The net result is that the metallic 
fluoride goes to a lower valence state by giving up part 
of its fluorine under more controllable conditions. 
After regenerating the spent material with fluorine or 
chlorine trifluoride the cycle can be repeated. This 
process is known as the Fowler method. Both fluorina- 
tion processes give rather complex mixtures resulting 
from the rupture of carbon-carbon linkages, rearrange- 
ments, etc. These fluorination studies on organic 
compounds are spectacular when it is considered that 
the heat energy released in fluorine substitution and 
addition is greater than the bond strength energy of any 
individual linkage in the organic molecule. 

Most unique of all processes for achieving the “per- 
fluoro”’ state is the electrochemical fluorination method 
announced by Simons in 1948 (20). It involves the 
passage of an electric current (5-6 volts) through an 
electrolytic cell charged with anhydrous hydrofluoric 
acid and the organic compound to be fluorinated. The 
iron cell case is the cathode, and a series of nickel sheets 
fairly close together make up the anode “pack.” 
No fluorine is liberated, but complete fluorination of the 
organic compound takes place. The process is capable 
of producing not only “‘perfluorocarbons” but also com- 
pletely fluorinated acids, amines, alcohols, etc. (21). 

Some fluorinated aliphatic acids such as mono- and 
trifluoroacetic (22, 23) and heptafluorobutyric (24) acids 
are beyond the laboratory stage. In general, the acids 
are quite stable, very acidic, and in some cases very 
toxic. The first reported existence of an organic fluo- 
rine compound in nature was announced in 1944 by the 
isolation of monofluoroacetic acid as the toxic principle 
ina South African plant (25). This acid and its deriva- 
tives if taken internally are deadly poisons for which 
there is no known antidote. A commercial rodenticide 
(26) knewn as “1080” is the sodium salt of the toxic 
acid. Thenoy] trifluoroacetone (27) is available for the 
separation of metals through chelate complex forma- 
tion. Ethyl trifluoroacetate (27, 28) is a pilot plant 
item and is useful in organic synthesis. Fluorine in 
place of chlorine in the benzene rings of DDT is the 
basis of DFDT (29) which was produced in commercial 
tonnages in Germany during the recent war. For the 
alleviation of certain goitrous conditions two aromatic 
fluorine compounds under the trade names of Pardinon 
(1) and Capacin (30) are available in the German drug 
trade. Before leaving the subject of organic fluorine 
compounds, mention should be made of the American 
production of benzotrifluoride and related compounds 
(16) and the possible use of bromofluoromethanes as fire 
extinguishing agents. 

Tremendous strides were made in the inorganic field. 
As catalysts, boron trifluoride and HF were recognized 
as powerful tools in the synthetic organic industry. 
The tonnage requirement for HF as a catalyst in the 
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production of “alkylate’’ for 100-octane aviation gaso- 
line (8) became enormous after the establishment of the 
first plant in 1942. It has been reported that some 
“alkylate”’ reactors were built for a capacity of 50 tons 
of HF. Large quantities of HF were used also in the 
production of fluorine for atomic energy purposes. 
Fluorine generators operating at 2000 amperes with acur- 
rent efficiency of 95 per cent and capable of producing 
2000 pounds of fluorine per month were developed (1). 
A monthly production of 50 tons of fluorine was reported 
in Germany before its capitulation. For laboratory pur- 
poses a small generator (3/) is available and is recom- 
mended over that of the purchase of fluorine in cylinders. 
Chlorine trifluoride is on the market in small steel 
cylinders, and its future as a convenient fluorinating 
agent is promising. No one has been able to understand 
why the Germans had contemplated production of this 
compound in tons except for a possible use in incendiary 
bombs. The big push in fluorine production came 
because of its essential use in the production of the 
atom bomb. Uranium in the form of its hexafluoride 
has a sublimation point of 56° and as such is amenable 
to the separation and concentration of its isotopes 
needed for nuclear energy (/). Pure sulfur hexafluoride 
is extremely stable, nontoxic, noninflammable, and 
because of its high dielectric value it is used in X-ray 
equipment as a gaseous insulator (1). Potassium 
fluosilicate is being used in a process for making syn- 
thetic mica (32). Electroplating in solutions of metallic 
fluoborates came into prominence. 

Among the commercial infants are the fluorophos- 
phoric acids (H2PO.F, HPO.F:, and HPF.) and some of 
their salts. They have been labeled FP acids ana salts 
by their first producer (33). The acids exhibit cata- 
lytic properties in olefin polymerization, and the salts 
may be used as fluxing agents. The PF,~ ion is quite 
stable, and the HPF, acid with certain organic bases 
forms insoluble salts quite analogous to HClO, and 
HBF, under the same conditions. Certain organic 
esters of the monofluoroacid were identified as the very 
toxic nerve gases (34) proposed by the Germans; it has 
been reported that one of the compounds, di-isopropyl 
fluorophosphate (DFP), in very low concentrations is 
useful in medicine. While on the subject of “peculiar”’ 
acids and salts, mention should be made of the work of 
Emeléus at Cambridge (England) (35). He has pre- 
pared a large number of complex compounds of bromine 
trifluoride (BrF;), examples of which are KBrF,, 
AgBrF,, Ba(BrF;)2, BrF,SbF¢, BrF2PFs, ete. Evidence 
points to the fact that BrF; is an ionizing solvent, 
producing BrF,+ and BrF,~ ions. This work opens an 
entirely new field of fluorine research. 
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To the Editor: 


I have read with much interest Professor Oesper’s 
account, in the October issue of the JourNAL or CHEMI- 
cAL Epvucation, of Marcel Delépine’s career and work; 
as a list of the latter’s work it is satisfactory but it fails 
completely to give the reader any idea of the man’s kind- 
ness, warmth, and humor. 

I had the good fortune to work under Delépine in the 
Collége de France on organic research during the years 
1937-1939; his Laboratoire de Chimie Organique was 
mobilized on the outbreak of World War II, and I was 
privileged to continue working there, on war work, until 
the occupation of Paris by the Nazis. The night before 
the Nazis entered Paris I left that city in my car ac- 
companied by Marcel Delépine, Antoine Willemart, and 
all the precious metals and cash belonging to the Lab- 
oratory. We proceeded painfully along the refugee- 
packed roads to Tours where the Government had been 
set up and where we were to requisition one of the 
University Laboratories and continue our work. The 
journey was very tiring and not without danger from 
strafing by the Luftwaffe but Delépine’s courage and 
consideration for others was an inspiration to all; he 
was then in his 70th year but Willemart and I had the 
greatest difficulty in persuading him to occupy the only 
available bed rather than share the straw on which we 
slept when accommodation proved particularly diffi- 
cult to find. The memory of his philosophical and im- 


perturbable remarks during the al fresco meals we 
enjoyed by the roadside will ever remain in my mind. 
Here was a man who had led a full and active life, who 
saw his world disintegrating before his eyes but did not 
despair; his only worry was for his family from whom 
cruel circumstances separated him. 


Delépine is a devoted and affectionate husband, 
father, and grandfather. His Normandy farmer origis 
probably explain his strong sense of family ties and 
honorable dealing, and the pithyness of his utterances. 
It probably also accounts for a streak of carefulness 
regarding money which should not be confounded with 
meanness; this characteristic is shown in a treasured 
autograph letter which I possess. The occasion on 
which this letter was written was the visit of the 
Président de la République to the Collége de France in 
order to open the new lecture theatre; it refers to Delé 
pine’s acceptance of an estimate for cleaning the win- 
dows of his Laboratoire de Chimie Organique before 
the projected ceremony and he specifies the price (700 
francs); adds that work must start first on the side of 
the laboratory facing the quadrangle through which 
the Président must pass on his way to the ceremony 
and must be completed in time for the ceremony or he 
would not pay for it. I should perhaps explain that 
the money had to come from Delépine’s slender labora- 
tory budget and that although the laboratory was of 
fine modern design and very well equipped, in all the 
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time that I was there this was the only occasion on 
which funds were “squandered” on window cleaning. 

Whilst far from being a gourmand, Delépine is defi- 
nitely a gourmet and enjoys good food and wine as only 
a Frenchman or one who has lived in France can. 

He is never so happy as when in the laboratory and 
most especially when he has successfully exercised his 
unusual knack of persuading the most gummy sub- 
stances to crystallize cleanly. 

If these few words can pay tribute to one of the 
kindest of chiefs, ablest of chemists, and finest of 
gentlemen that I have been privileged to meet, I shall 
be well content. 


Denis DuUVEEN 
120 Park Soutu 
New York City 


To the Editor: 

The timely paper on “The acceptance of new offi- 
cial names for the elements” in the August issue of 
the JouRNAL or CHEMICAL EpucaTion reminded me 
of three other minor irregularities. These are (a) the 
use of cassiopeium (Cp) for Lutetium, (b) the use of 
the symbol Sa for Samarium (Sm), (c) radon being 
termed niton. These three errors do not occur often, 
but one can still see them in certain books and papers. 
It is to be hoped that scientists will use the names and 
symbols suggested by The International Union, and 
thereby prevent further unnecessary duplication of 
terminology. 

D. J. SWAINE 


UNIVERSITY OF MELBOURNE 
MELBOURNE, AUSTRALIA 


Keceut- Boake 


7 THE THEORY AND PRACTICE OF SEMIMICRO 
QUALITATIVE ANALYSIS 


G. B. Heisig, Associate Professor of Inorganic Chemistry, Uni- 
versity of Minnesota, Minneapolis, Minnesota. W. B. Saunders 
Company, Philadelphia, Pennsylvania, 1950. Second Edition. 
356 pp. 15 figs. $3.50. 


Tue second edition of Professor Heisig’s book is similar to the 
first except more attention is given to equilibrium constants. Pro- 
vision is made for using either centrifuges or pressure filter tubes. 
Standard samples contain 0.1 mg. of each ion present and volumes 
handled vary from two drops to 1.5 ml. 

The book is written for those students who have had a thor- 
ough course in general inorganic chemistry. It is intended for a 
two-quarter, five-credit course or its equivalent. However, it is 
arranged so that some of the material may be omitted for briefer 
courses. 

The first part of the book is devoted to theory and calculations. 
A good list of problems and questions is given at the end of each 
chapter. The second part of the book is devoted to laboratory 
operations. Many preliminary experiments are given for each of 
the twenty-four cations and twenty-four anions provided for. 

Those teachers who have students qualified for such a course 
and wish to give a course in semimicro analysis would do well to 
consider Professor Heisig’s book. 


RAY WOODRIFF 
Montana Strats 
Bozeman, Montana 


= GENERAL CHEMISTRY 


P. W. Selwood, Professor of Chemistry, Northwestern University. 
Henry Holt and Company, Inc., New York, 1950. xvii + 681 pp. 
206 figs. 22tables. 16 X 24cm. $4.60. 


Tus new text is the outgrowth of a lithoprinted edition de- 
veloped by the author during the last thirteen years for use in a 
so-called terminal course in chemistry at Northwestern Univer- 
sity. The author states in the preface: “The text should de- 
fand no less intellectual effort than the standard chemistry 
text.... Whatever success this text achieves will be measured 


more by what is omitted than by what is included.” 
At Northwestern University the text is used for a year-course 


with three lecture periods a week, accompanied by two quiz meet- 
ings which are reduced later to one each week. A laboratory 
manual for one three-hour period a week has been written by the 
author to accompany the text. The author thinks it is desirable 
to segregate those who have had high-school chemistry from 
those who have not, although he finds that it does not seem to 
make much difference in a course of this type. 

A very pleasing narrative style is used by the author com- 
bined with what he calls an atomistic approach. Atoms are 
introduced from an historical treatment of Dalton, and atomic 
weights by the mass spectrograph. Cathode rays and radio- 
activity topics lead to the octet theory, which is used to introduce 
the concepts of formulas and equations. Frequent use is made of 
sketches of the Fisher-Hirschfelder type of molecular structure 
models and occasionally interatomic distances and bond angles 
are given. The first four chapters deal with the concepts of 
atoms, atomic structure, atomic combinations, and chemical 
arithmetic. It is not until chapter seven has been reached that 
the chemistry of one of the elements, namely oxygen, is intro- 
duced. By chapter twelve, the fundamental principles have all 
been presented except for a later chapter on electrochemistry and 
one on nuclear chemistry. The section on writing and balancing 
equations seems to the writer to be very brief, throwing the 
burden of teaching this section to students with no previous 
chemistry either onto the professor’s shoulders or perhaps onto an 
extra quiz section as provided at Northwestern. 

For emphasis of the more important material a set of exercises is 
given at the end of each chapter. Mastery of these is considered 
by the author to mean effective mastery of the course, and his 
quizzes and examinations are based directly upon them. Most 
of the exercises are divided into separate sections, one to test the 
student’s acquaintance with basic definitions and principles 
and another to test the ability to reason with such information. 
Seventy-one additional review problems in chemical arithmetic 
with answers are included at the end of the book for students 
who have difficulty with arithmetical problems. 

Boldface type is used for emphasis as needed. Sections set 
aside in smaller type than normal “may be omitted, on first 
reading, without loss of continuity.” Since questions occur in the 
exercises concerning the material taken up in these sections the 
student is held for the information anyway. Except for the 
implication that the student will read the chapter through a 
second time, it is doubtful that much is accomplished by the use 
of the small type. 
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The index covers 17 pages in double columns and is usually 
made up of words which are in italics in the body of the text. 
An extreme case is the inclusion of stoves, on p. 387, which 
reads: “preheating the air (for blast furnaces) is done in large 
chambers called stoves.” The index is very detailed, containing 
such items as hopcalite, polycythemia, and thenardite. The 
proofreading has been very carefully done. Only one error was 
discovered, namely, acrylonitrite in the index actually referred to 
acrylonitrile. 

An unusual feature of the text is the large number of pages de- 
voted to organic chemistry. Of the 657 pages in the book, the 
last 150 are given to organic chemistry topics. These pages are 
profusely illustrated with structural formulas for compounds 
ranging from sucrose, saccharin, quinine, nicotine, and cocaine to 
estradiol and testosterone. 

The choice of material for inclusion in the book is well done, 
although it was noted that the treatment of the topics of paint, 
varnish, and lacquers was confined to four lines. A wealth of 
topics is presented to intrigue the student into going deeper into 
the subject on his own. For this purpose, frequent references 
are given at the bottom of the page to authoritative and ex- 
tended treatments. 


L. REED BRANTLEY 
OccipENTAL CoLLEGE 
Los ANGe.Les, CALIFORNIA 


eo MAN’S PHYSICAL UNIVERSE 


Arthur Talbot Bawden, Stockton College, Stockton, California. 
Third edition. The Macmillan Company, New York, 1950. 
xv + 822pp. 320figs. 15% 22cm. $4.75. 


QuortinG the subtitle, this text is “A Survey of Physical Sci- 
ence for Colleges” and “is intended for use in a program of gen- 
eral or liberal education.” It is “designed to bring from the 
archives of physical science the most important facts and gen- 
eralizations which have any bearing’’ on the “problems of life 
today.”” The author has “attempted to explain the more im- 
portant principles’’ and it is hoped that the study of the text will 
develop in the student those qualities of mind “that will lead him 
to attempt to use the scientific method in solving the important 
problems of life.”” “One of the fundamental purposes of ‘Man’s 
Physical Universe’ is to enable students to obtain a sufficient 
background in the field of the physical sciences to enable them to 
keep up with the developments of Science and technology by 
reading such weekly publications as the Science News Letter or 
such monthly publications as the Scientific American, the Science 
Digest, and Science Illustrated.” 

It is not clear why “Science” is capitalized in the preceding 
quotation, while “technology” is not; actually the book is con- 
cerned far more with technological advances than with the prin- 
ciples of science. It is to be regretted that discussions of the 
principles which have led to these advances are frequently in- 
adequate and more often lacking. To the reviewer, the text 
appears to supplant analytical reasoning with memorization of a 
vocabulary, to encourage glibness rather than understanding, 
but it is evidently the intention of the author to arouse interest 
in science by showing through numerous examples how science 
pervades everyone’s life. ‘Breadth is striven for, rather than 
depth.” The variety of items mentioned in the text is indicated 
by the approximately 2500 index entries (about 60% more than 
in the second edition) from abrasives to Thomas Young, and not 
omitting the P-59A Airacomet, the Taylor Grazing Act, phthalyl- 
sulfacetimide, nor lanac. One must respect the author’s industry 
in compiling these numerous examples of technological progress. 

The topics treated in the eighty-five sections are the same as 
in the second edition. The two final sections of the earlier edi- 
tion, one on protoplasmic and cellular organization, and one on 
the progress of civilization, have been omitted, as has also the 
twelve page bibliography. A few sections have been exten- 
sively rewritten, but most of the rewriting consists in the addi- 
tion of recent applications and new vocabulary. The “Study 
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Questions” found in the previous edition are also included in the 
third edition, together with a few additional questions. 

In this text is a wealth of timely information which could 
serve for background material for a general education in science. 
Those who demand no more than this from a text will be pleased 
with this revision, for this third edition has been brought up to 
date and a number of lines of text added without major deletions 
from the previous edition. 


W. B. KEIGHTON 
Swartumore CoLiece 
SwaRTHMORE, PENNSYLVANIA 


e MOTOR OILS AND ENGINE LUBRICATION 


Carl W. Georgi, Quaker State Oil Refining Corporation, Butfalo, 
New York. Reinhold Publishing Corp., New York, 1950. xii + 
514 pp. 150 figs. 111 tables. 16 X 24cm. $8.50. 


Tue author, who is technical director of the research labora- 
tories of Quaker State Oil Refining Corporation, has prepared a 
specialized book which is limited specifically to automotive motor 
oils and engine lubrication. 

The first part of the book, 7 chapters covering 255 pages, is de- 
voted to specifications, tests, viscosity characteristics, evaluation, 
and refining of motor oil; also included are additives and syn- 
thetic oils. The second part, 18 chapters covering 250 pages, dis- 
cusses the application of motor oil and the relation of oils and 
lubrication to engine design, operation, maintenance, breakdowns, 
and failures. Diesel, aircraft, stationary, and marine engine 
lubrication are also discussed. Sludge solvents and oil re-refining 
are treated briefly. 

There is much in this book that will interest the chemically- 
trained automobile owner. Many of his questions, or arguments 
with service station attendants, will be answered. It is an ex 
cellent.specialized technical book in an important field. 


KENNETH A. KOBE 
University or Texas 
Austin, TEXAs 


# ADVANCES IN COLLOID SCIENCE. VOLUME II 


Edited by H. Mark and E. J. W. Verwey, Polymer Research Insti- 
tute, Polytechnic Institute of Brooklyn, Brooklyn, New York; 
and N. V. Philips, Gloeilamperfabrieken, Eindhoven, Holland. 
Interscience Publishers, Inc., New York, 1950. xi + 384 pp. 
180 figs. 35 tables. 16 X 24cm. $7.50. 


Tuts is the third volume of this important series in colloid 
science. The first two volumes appeared in 1942 and 1946, 
which indicates a spacing of four years between volumes. The 
science is moving along so rapidly that certainly there should be 
enough new material in four years to justify a new book. The 
latest volume is not confined to recent advances, however, 
nor does the reviewer fee] that it should be since there are numer- 
ous important topics reaching back two decades yet to be cov- 
ered. 

The book opens with a 66-page treatise on interatomic forces 
and adsorption at surfaces, by J. H. deBoer. It is mainly a re 
view of old and fairly well-established principles with only 18 
per cent of the references to work within the past decade. A 
serious effort has been made to give quantitative relations, but 
due to the paucity of our knowledge of the real structure of sur- 
faces, of the magnitude of the repulsive forces, and of the real 
distances of adsorbed atoms from surfaces, many calculations 
lead only to the correct order of magnitude. The subject is 


divided into (1) combination of attraction and repulsion forces, 
(2) interaction between a surface and adsorbed ions and radi- 
cals, (3) van der Waals forces, (4) collaboration between forces, 
and (5) reactions at the surface. 

The second chapter on surface chemistry and colloids by A. E. 
Alexander is devoted mainly to the behaviour of high molecular 
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weight substances in films, offering interpretations of phenomena 
observed with proteins, polymers, foams and emulsions, pastes, 
and biological systems in the light of recent work. It provides 
aframework of information with 60 selected references, mainly to 
work within the past decade. 

Next is a chapter on the quantitative interpretation of the 
dectrophoretic velocity of colloids by J. Th. G. Overbeek. It is 
devoted mainly to a quantitative interpretation of electrophoretic 
mobility, with a modest degree of success. More and better ex- 
perimental data are needed for comparison with theory. 

The following chapter on lyogels by E. A. Hauser and D. S. 
LeBeau discusses gel structure and stability and the authors’ 
views on thixotropy, rheopexy, dilatancy, and elasticity. The 
treatment of these subjects is sketchy and makes no substantial 
contribution to the literature. The electron photomicrographs 
and ultraphotomicrographs shown are of high quality and do 
give some support to the authors’ theory of elasticity, which 
deserves consideration by those working in this field. It is un- 
fortunate that the theory does not include the kinetic expla- 
nations which seem to be so well founded. 

The chapter on ultracentrifugal sedimentation of polymolec- 
ular substances by Per-Olof Kinell and Bengt B. Ranby is di- 
rected mainly toward the problems of molecular weight, shape, 
and weight distribution in linear polymers. The ultracentrifuge 
is one of the few basic instruments for the determination of 
molecular weight and has been particularly productive in tke 
field of proteins where the molecules are globular, but it has not 
been so successful with the linear polymers due to the com- 
plexity of the sedimentation process. As a basic tool in this 
field it is important to develop the technique further, and this 
chapter is a valuable contribution. Such subjects are treated 
in detail as sedimentation properties of linear molecules, change 
of shape in a centrifugal field, influence of branching, solvation, 
shielding, dependence on concentration, polymolecularity, fre- 
quency distribution, and fractionation. Detailed attention is 
given to cellulose nitrate, methyl] methacrylate, and styrene. 

Next follows a systematic treatise on fatigue phenomena in 
high polymers, by J. H. Dillon, covering general principles, 
fatigue of rubbers, fibers, and plastics. The subject is exceed- 
ingly complicated, involving at least six basic parameters. 
Much experimental work reported in the voluminous literature is 
of little value due to the failure to control experimental condi- 
tions properly. 

The last 54 pages of the book are devoted to a qualitative 
description of the art of flotation, by Strathmore R. B. Cooke. 
Attention is given to frothers, collectors, activators, and de- 
pressants. The industrial importance of the process is tre- 
mendous, but as yet only an inadequate scientific foundation has 
been laid. Judging by the fact that only one-fourth of the 
references are to work within the past decade, one concludes 
that there is relatively little activity in this field outside of com- 
mercial developments. 


SAMUEL KISTLER 
Norton CoMPaNy 
Worcester, MassacHUSETTS 


® A TEXTBOOK OF INORGANIC CHEMISTRY 


J. R. Partington, Professor of Chemistry in the University of 
London, Queen Mary College. Macmillan and Co., Ltd., Lon- 
don, 1950. Sixth edition. x + 996 pp. 394 figs. 14.5 x 22.5 
em. $3.75. 


_ Tue latest edition of this popular textbook of inorganic chem- 
istry, while containing considerable rewritten material, has 
achieved a certain degree of condensation over the fifth edition of 
1937 by the elimination of the most elementary material and 
questions for exercise (the latter being relegated to the same 
author’s “College Course of Inorganic Chemistry” and _ his 
“Intermediate Chemical Calculations.” An extension of the 


sections on atomic structure and the electronic theory of valence, 
with new material on directed bonds and resonance, has improved 


this part of the book, as has the inclusion of a fuller account of the 
rarer elements and of recent theoretical and experimental ad- 
vances in this field of chemistry. 

Realization of the growing significance of the structural aspects 
of inorganic chemistry finds reflection in the subject matter, 
especially of Chapters XXI to XXV. It is refreshing to note, 
in this regard, that while the author has included in the text vari- 
ous descriptions of molecular and crystal structures, he takes 
occasion, in the Preface, to caution the student to the effect that 
“this information cannot replace a detailed knowledge of the 
preparation and properties of substances, which forms the most 
important content of the subject of their studies. It bears the 
same relationship to the latter as anatomy does to physiology.” 
This attitude toward the rapidly growing fund of structural in- 
organic information impresses one as particularly sane and com- 
mendable. 

The author’s readable style and his penehant for giving his 
account a pleasing historical flavor, especially to be noted in the 
earlier chapters, are maintained in the present revision, many of 
the figure and cuts being retained from the previous editions. 

Although some of the descriptions of industrial production 
methods are applicable to European practice and are not always 
relevant to usage in this country, their inclusion does not pre- 
vent effective use of the book in American classes. 

As a reasonably-priced, convenient, and concise source of the 
essential facts and theories of inorganic chemistry, the latest 
Partington book maintains its high standing among the leading 
textbooks in the field. 


WALTER C. SCHUMB 
Massacuvusetts InsTiTuTe or TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


UNIT OPERATIONS 


George Granger Brown and Associates in the Department of 
Chemical Engineering, University of Michigan. John Wiley 
and Sons, Inc., New York, 1950. xii + 6ll pp. 551 figs. 64 
tables. 22 X 28.5cm. $7.50. 


“Tue King is dead! Long live the King!” Since 1923 
“Principles of Chemical Engineering” has ruled the chemical 
engineering students as the text from which the professional work 
was absorbed. Initially the chemical engineering course at 
many schools consisted of the chemistry curriculum with one 
year devoted to a study of “Principles,’’ so it is no wonder that 
the book achieved fame as ‘“The Bible’ of chemical engineering. 
But time marches on; and additional textbooks devoted to 
stoichiometry, fuels and combustion, thermodynamics, kinetics, 
unit processes, and process industries opened up new subdivi- 
sions of chemical engineering to which additional time had to be 
devoted. At most schools the “Principles” became a study of the 
unit operations of chemical engineering—fiow of fluids, flow of 
heat, evaporation, distillation, absorption, extraction, size 
reduction, separations, and the like. The first edition in 1923 
was followed by a second in 1927 and a quick brush-over in 
1937—the science of chemical engineering has made strides since 
then! 

G. G, Brown and eleven of his associates in the Department 
of Chemical and Metallurgical Engineering at the University of 
Michigan have presented in “Unit Operations” not only an up- 
to-date text on the subject but a new viewpoint on the teaching of 
the unit operations. The unit operations are grouped according 
to similarities in action or in methods of calculation and pre- 
sented in sequence according to increasing difficulty. Part I 
on solids requires little background to understand the discussions 
of properties of solids, screening, size reduction, and handling of 
solids. Part II on fluids covers not only the conventional flow 
of fluids through pipes, but also through porous media, which 
leads to filtration. The flow of solids through fluids is part of 
the basic phenomena, so that classification, flotation, and sedi- 
mentation become an integral part of this section. Being 
thoroughly modern, a chapter on fluidization of solids brings 
this subject to the senior level. Part III on separation by mass 
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transfer under equilibrium conditions (the ideal stage concept) 
deals with leaching, extraction, distillation, and adsorption. 
The Ponchon method is presented for distillation calculations, 
Part IV on energy and mass transfer rates presents those opera- 
tions in which the time rate of transfer is the important factor. 
These operations are heat transfer, evaporation, crystallization, 
agitation, absorption, humidification, and drying. An appendix 
collects the nomenclature used throughout the book and presents 
in tables and charts additional data needed for the solution of 
problems. 

Although from the preceding paragraph it might be assumed 
that each unit operation is treated as such, this is not the case. 
The fundamental physical chemical principles of the group of 
unit operations are elucidated and shown in their broad applica- 
tion before they are narrowed down to specific unit operations. 
To consider distillation alone would require portions of a number 
of earlier chapters. This stress on fundamentals is what the 
teaching profession desires—industrial practice may vary and 
adapt, but the fundamentals govern the practice. Some con- 
fusion may result in those courses that have followed the unit 
operations sequence given in other texts. The authors have 
furnished a mimeographed outline which suggests assignments 
from their book for a number of courses of different lengths, but 
each instructor will have to integrate the new material with his 
own sequence of presentation. 

The size of the book brings something new to senior texts. 
The page size of 8.5 X 11 inches allows extra large charts to be 
used so that values can be read accurately from them. The 
text matter is arranged in two columns on the page. In addition 
to the graphs of data and illustrative charts there are numerous 
and excellent illustrations of industrial equipment used in the 
various unit operations, so that the student can see the way in 
which the theory is applied through machinery. Illustrative 
problems are used freely and each chapter is concluded with a 
number of problems for student use. References to the original 
literature are given. 

This text will be used widely in chemical engineering instruc- 
tion. It will also be used widely as a reference text by prac- 
ticing engineers. Because it stresses fundamentals, the chem- 
ist will refer to it frequently in conneciion with the application 
of physical-chemical principles or the equipment used for chem- 
ical operations. It should be available in all chemical libraries. 

KENNETH A. KOBE 

University or Texas 

Austin, Texas 


BORON TRIFLUORIDE AND ITS DERIVATIVES 


Harold Simmons Booth, late Hurlbut Professor of Chemistry, 
Western Reserve University; and Donald Ray Martin, Assist- 
ant Professor of Chemistry, University of Illinois. John Wiley 
and Sons, Inc., New York, 1949. ix + 315 pp. 43 figs. 41 
tables. 14 X 22cm. $5. 


WIruin recent years the investigation of the stability of addi- 
tion compounds formed by typical Lewis acids, such as boron 
trifluoride, has contributed much to present knowledge of the 
factors affecting the strength of chemical bonding. Such Lewis 
acids are excellent catalysts, and there has also been intense 
activity in investigating the numerous reactions catalyzed by 
boron trifluoride. A book which thoroughly reviews the litera- 
ture on boron trifluoride should therefore be exceedingly useful 
to workers in the field. 

The scope of the book is indicated by the chapter headings: 


I. History and Preparation of Boron Trifluoride. 
II. Physical Properties. 
III. Chemical Properties of Boron Trifluoride. 
IV. The Coordinating Power of Boron Trifluoride. 
V. Fluoboric Acids and Their Salts. 
VI. Boron Trifluoride and Its Derivatives as Catalysts. 
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VII. Analysis of Boron Trifluoride and Its Derivatives, 
VIII. Practical Handling of Boron Trifluoride. 


It is unfortunate that the authors have made little effort to 
assimilate the material and to write a critical survey. As is the 
case with many review books published today, the book ig pri- 
marily a series of abstracts of individual contributions, This 
style does not make easy reading. For example, instead of dig. 
cussing the general properties of addition compounds of the alj- 
phatic ethers and boron trifluoride, the authors devote some four 
pages to individual statements of the preparation of individual 
— A typical sample of the presentation (p. 69) fol- 
lows: 

“The compound comprised of 2 moles of diethyl ether to | 
mole of boron trifluoride, BF;-20(C2Hs)2, is listed by Meerwein 
and Pannwitz.” 

“Methyl ethyl ether-boron trifluoride, BF;-O(CH;)(C,H,), 
was reported by Meerwein and his coworkers in 1937.7 Man 
of its physical properties have been reported (see Table 17), 

“Methy] amy] ether-boron trifluoride, BF;-O(CH;) (CsHu) has 
also been reported. 

“Ascending the aliphatic series, we find that normal propyl 
ether and boron trifluoride form the compounds BF;-(n-C;H;),0™ 
and BF;-2(n-C;H;),0. 

“Isopropyl ether and boron trifluoride form the solid (j- 
Isopropyl methyl ether-boron trifluoride also 
has been listed, (CH;),CH-CH;-0- BF;.”’ 

Several instances were found where the authors obviously mis. 
quoted the original publication. For example, the following 
statement (p. 47) taken from a publication by the reviewer does 
not make sense and bears no resemblance to the original. 

“A pyridine derivative, a,a’-lutidine, forms a coordination 
compound with boron trifluoride which is a stronger base toward 
HCI than the pyridine compound with boron trifluoride." 

As a result of the presentation adopted by the authors, the 
nomenclature used is identical with that used in the original 
publications. Thus the same substance is frequently referred 
to by several different terms within the span of a page or two. 
There is little attempt to be critical. The substance, “sodium 


fluoborax”’ 
FB... BF; 
Naz 20: 
F:3B BF, 


is mentioned in a number of places as though its structure were 
established, although the material is mentioned only in the patent 
literature and no evidence is presented in support of this unusual 
structure. The so-called addition compounds of boron tri 
fluoride and argon are discussed in great detail although Wiberg’s 
work, which appears to discredit the existence of such com- 
pounds, is not mentioned. 

Finally, the authors’ attempts to suggest theoretical expla- 
nations are misleading. Thus, it is noted (p. 70) that the failure 
of boron trifluoride to combine with dipheny] ether is probably 
due to steric hindrance. The reviewer is not one to minimize the 
importance of steric effects. However, in the present case the 
weak coordinating ability of the oxygen atom is more probably 
attributed to the resonance effects of the aromatic rings. The 
authors suggest (p. 44) that in the addition compoundsof ethanola- 
mine with boron trifluoride the latter might be attached to the 
oxygen atom. Certainly in this case the nitrogen is the more basic 
atom, and it is far more probable that the boron trifluoride is 
attached tothisatom. They state (p. 86): 

“In doubly bonded oxygen atoms, sp? orbitals are not avail- 
able. Hence boron trifluoride would not be expected to coordi- 
nate with truly doubly-bonded oxygen atoms, such as the C0 
group in esters. Coordination with ketones may be with their 
enol form.” 

Not only is the theoretical basis of this conclusion highly 
doubtful, but the statement ignores the experimental fact that 
stable addition compounds are formed by boron trifluoride with 
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trimethylacetaldehyde, benzaldehyde, and benzophenone. Ob- 
viously in these cases enolization is not possible. 

Space limitations prevent pointing out numerous other errors 
sd deficiencies. These severely limit the utility of the book. 
In its present state it is a highly dangerous book for students 
fo read since it may lead them into many erroneous theoretical 
concepts. Its major utility will be to investigators expert in the 
field who are sufficiently well versed in the field not be led astray 
by the errors in the interpretation and fact, and who will no 
doubt find it convenient to have available a summary of the 
literature for easy reference. 

HERBERT C. BROWN 


Porpue UNIVERSITY 
LaraYeTTe, INDIANA 


« LABORATORY MANUAL OF ELEMENTARY 
ORGANIC CHEMISTRY 


£, Campaigne, Associate Professor of Chemistry, Indiana Uni- 
versity, Bloomington, Indiana; Harold Hart, Assistant Professor 
of Chemistry; and Robert D. Schuetz, Assistant Professor of 
Chemistry, Michigan State Collete, East Lansing, Michigan. 
Wm. C. Brown Company, Dubuque, Iowa, 1950. x + 197 pp. 
lifigs. 21.5 X 28cm. Planographed. $2.50. 


e LABORATORY MANUAL OF ORGANIC 
CHEMISTRY 


George H. Coleman, Dean of the Institute of Textile Technology, 
Charlottesville, Virginia; Stanley Wawzonek, Associate Pro- 
fessor of Chemistry; and Robert E. Buckles, Assistant Professor 
of Chemistry, The State University of Iowa, Iowa City. Prentice- 
Hall, Inc., New York, 1949. x + 127 pp. 24 figs. 21.5 x 
2%em. $1.50. 


THESE manuals are of the paper-covered, workbook type. 
Report sheets only are perforated and punched in the first manual 
(Manual 1), while in the second manual (Manual 2) all pages are 
so treated. Manual 1 has a spiral binding. Both manuals are 
neatly arranged and the variety of experiments in each is such 
that the student should gain an adequate experience in the labora- 
tory in his particular course. 

Manual 2 offers a wider latitude since it is designed for a two- 
semester or three-quarter course with two laboratory periods of 
three hours each per week. Manual 1 is designed for a one- 
semester or one-quarter course. Manual 2 contains 50 experi- 
ments covering 60 laboratory periods, and Manual 1 contains 25 
experiments. In Manual 1, considerably more emphasis is 
placed on the so-called test tube experiments, roughly two-thirds 
being of this type. The report sheets are therefore somewhat 
more lengthy in this manual. There are questions on all the 
report sheets of both manuals and in many cases there are prob- 
lems in Manual 2. There are 32 strictly preparative experiments 
in Manual 2 and 10 test tube experiments. 

The directions in both manuals are clear and concise. The 
text of Manual 2 is confined solely to experimental directions; 
the theory and principles are to be discussed by the instructor in 
the laboratory conference. There are very brief expositions of 
theory and principles in Manual 1 but these would require an 
elaboration in the laboratory conference. Both manuals include 
a section on the materials and reagents required for each experi- 
ment. 

In the interest of economy and safety, the authors of both 
manuals have designed the experiments so that relatively small 
quantities of organic reagents are used. The authors of Manual 
2 indicate that the experiments in their manual are on a semi- 
macro scale and that the largest glass vessels employed are a 250- 
ml. Erlenmeyer and a 400-ml. beaker. The preparative experi- 
ments in Manual 2 are consistently on a smaller scale than those 
in Manual 1. However, of the nine preparative experiments in the 
latter, six require 10 grams or less of the organic reagents. 
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The sodium fusion technique for the detection of nitrogen, sul- 
fur, and halogens is not used in Manual 1. In fact no test for 
sulfur is indicated and the test for nitrogen involves the detection 
of ammonia during the alkaline hydrolysis of acetamide. Metal- 
lic sodium is employed in Manual 1 in the experiment on alcohols 
and phenol. 

The most novel features of Manual 2 are the strictly semi- 
macro scale, a page devoted to directions in case of accident, and 
the avoidance of ethyl alcohol. Isopropyl alcohol is used as a 
substitute for ethanol when an alcoholic solvent is required, and 
ethylene is prepared from ethylene dibromide. 

The reviewer feels that Manual 1 is more inclusive than most 
manuals of its type. Because of its general character, Manual 2 
has many attractive features to recommend it. 


DONALD C. GREGG 
UNIVERSITY OF VERMONT 
VERMONT 


& CHEMICAL ENGINEERING REPORTS 


Kenneth A. Kobe, Professor of Chemical Engineering, University 
of Texas, Austin, Texas. Third edition. Hemphills Bookstore, 
Austin, Texas, 1950. vi + 69 pp. 3 figs. 21.5 X 27.5 cm. 
$l. 


“PARTICULARLY in the field of report writing do we find the 
average graduate to be woefully lacking.” 

The above is typical of the many comments with respect to 
report writing heard from industrial representatives in recent 
years. This small book should be useful as a guide to the prepa- 
ration of reports, not only to the chemical engineering student, 
but also to chemistry students and young graduates in industry. 

The book has itself been prepared in the format of a formal en- 
gineering report presenting material on the literature of chemistry 
and chemical engineering and its assembly into a report. The 
section on “The Chemical Literature” is a useful summary of 
common sources of information such as books, abstract journals, 
technical journals, public documents, O.T.S. and F.I.A.T. re- 
ports, patents, manufacturers’ publications, etc. It is primarily 
confined, however, to American sources, including very little 
about foreign literature. 

Reports are usefully classified and discussed by type such as 
information, examination, research, and recommendation reports 
and by form of presentation such as the letter, text, and formal 
report. 

The sections on ‘Mechanical Preparation” and “Literature 
Citation” contain a wealth of useful information not only to the 
student but to any one faced with the preparation of technical 
data in report form. Thus, the use of the typewriter for Greek 
letters, and mathematical equations and conventions as to charts 
and graphs and the typing of literature references can serve as a 
guide to all. 


8. RICKLIN 
Brown UNIVERSITY 
Provipence, 


* CHEMISTRY AND INDUSTRY OF STARCH 


Edited by Ralph W. Kerr, Corn Products Refining Company, 
Argo, Illinois. -Second edition. Academic Press Inc., New 
York, 1950. xii+ 719 pp. 16 X 24cm. $11.50. 


Even a chemist might be hard pressed to name the parent ma- 
terial common to ingredients used in the manufacture of gum 
drops, paper bags, mayonnaise, postage stamps, and the sheet 
of coated paper on which these lines are written. The answer, 
of course, is starch, as a colloidal gel, dispersing agent, or as ad- 
hesive, and this illustration only serves to demonstrate the diverse 
applications of the commonplace material starch. 
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This authoritative book discusses thoroughly the occurrence 
and varieties of starch, the processes used in its preparation, its 
physical and chemical properties, its chemical reactions and how 
it can be modified, and the uses to which it can be applied. It 
should prove of great value to the well-trained chemist who de- 
sires to become familiar with this specialized branch of carbohy- 
drate chemistry, the technologist who desires to find the right 
material for a specific application, the teacher who is continually 
striving after greater background in the details of chemistry and 
its application to our civilization, or to the chemistry student 
preparing a term paper. In certain excellent sections the dis- 
cussions are concerned with such matters as molecular rotation, 
degree of polymerization, straight or branched chain structure, 
hydrogen bonding, and the fine details of colloidal behavior. 
Extensive background is necessary to read such specialized ma- 
terial with full understanding. On the other hand, most of the 
sections are descriptive in nature and can be highly instructive 
even to the layman. Dr. Kerr and his nine coauthors have done 
excellent work in preparing a book of wide appeal. 

In the chapter on the Derivatives of Starch the anhydro- 
glucose units of starch are written as though they were primarily 
derivatives of pyran with the hetero atom at the top, rather than 
in the Haworth formulas recently recommended by the American 
Chemical Society Committee on Nomenclature. Although the 
formulas employed may have superiorities over the Haworth 
structures from a pedagogical standpoint, it seems to the re- 
viewer that their use in a book of this kind is unfortunate, since 
the conventions employed are not explained and another type of 
formula does not give much comfort to a newcomer to the field. 
These remarks are not intended, however, to detract from the 
otherwise excellent review of starch derivatives presented. 

For the benefit of those familiar with the first edition of this 
book it should be mentioned that the chapters on The Manu- 
facture of Corn Starch, Chemical Properties of Starch, and 
Uses of Starch and Starch Products in the Fermentation Indus- 
tries have been completely rewritten. In addition, two new 
chapters have been added, Miscellaneous Uses for Starch and 
Methods of Analysis for Starch. Other chapters such as Occur- 
rence and Varieties of Starch, Manufacture of Modified Corn 
Starches, Derivatives of Starch, and Uses of Starch in Paper 
Manufacture have been extensively revised. The remaining 
chapters are essentially as they appeared in the first edition. 
The bibliographies at the end of most chapters have been greatly 
expanded. 

It is natural that the editor of this book, because of his asso- 
ciation with the Corn Products Refining Company and because 
of the dominant position that cornstarch holds in industry, 
should place his major emphasis on this particular variety of the 
carbohydrate. A great deal more can be said about other vari- 
eties of starch than is contained in this book and it is to be hoped 
that other books in the field will be forthcoming. 

IRWIN B. DOUGLASS 
University oF MAINE 
Orono, Marne 


JOURNAL OF CHEMICAL EDUCATION 


INDUSTRIAL CHEMICALS 


W. L. Faith, Director of Engineering, Chemical Division, Com 
Products Refining Company, Argo, Illinois; Donald B. Keyes 
Vice-President, Heyden Chemical Corporation, New York; and 
Ronald L. Clark, Fellow, Multiple Fellowship of the Corn Prod. 
ucts Refining Company, Mellon Institute, Pittsburgh, Pennsyl. 
vania. John Wiley & Sons, Inc., New York, 1950. xi + 652 pp. 
Illustrated. 15.5 24cm. $8. 


In A conversation with Dr. Faith the reviewer learned that the 
idea for this book came from one of a series of articles the re. 
viewer published in the Journat or CHEMICAL Epucation in 
1933 on the “Economic Survey of a Chemical Commodity.” 
When Drs. Faith and Keyes were with the War Production Board 
in 1942-45, they continually needed economic data on the various 
industrial chemicals which had to be allocated or controlled by 
W.P.B. Following the war these two, aided by R. L. Clark, 
began to assemble the technical and economic information on 107 
important industrial chemicals. 

Each of these chemicals has been treated as an individual with 
little reference to others included and is discussed with respect to: 

1. Name and chemical formula. 

2. Manufacturing processes, 
important process variables. 
be Equations for the principal reactions involved, average 
yield. 

4. Raw material requirements, sometimes utility and labor 
requirements. 

5. Production chart for past 20 years. 

6. Generalized use patterns. 

7. Price chart for past 20 years. 

8. Commercial grades, containers, shipping regulations, 
physical properties. 

9. Economic aspects, competitive processes and products, 
recent trends, actual and economic plant size and approximate 
plant cost (in 1946). 

10. A U. S. map showing the location of manufacturing 
facilities. 

Of the 107 chemicals surveyed, 34 are inorganic and 73 are 
organic. No references are given to the chemical literature: 
to allow the reader to go to original sources, but the information 
given is up-to-date and some is unpublished from W.P.B. sources. 

This book will be used by the man in chemical industry or the 
instructor who wishes to secure a technical and economic survey 
of a chemical or group of related chemicals. It can be used asa 
text in chemical economics or to supply economic data or view- 
points to a course which presents only technical information. 
The individual surveys can serve as models for surveys to be 
made by students—who will then appreciate the amount of effort 
that has gone into this book. 
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KENNETH A. KOBE 
UNIVERSITY OF TEXAS 
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New Publications 


SCIENTIFIC RUSSIAN 
A Textbook for Classes and for Self-Study 

By JAMES W. PERRY, Massachusetts Institute of Technology. 1950. 6 X 9. 
846 pages. $7.50 

How to learn to use and read the Russian scientific literature without neces- 
sarily learning to speak Russian. 

A textbook for classes, self-study, and reference. 700 typical sentences analyzed. 
Graded course of reading exercises. Complete grammar summary. Scientific and 
technical emphasis throughout. Written by a scientist for scientists. 


NATURAL AND SYNTHETIC HIGH POLYMERS 
A Textbook and Reference Book for Chemists and 
Biologists 
By KURT H. MEYER, Professor of Organic Chemistry, University of Geneva, 
Switzerland. Second completely revised and augmented edition. 1950. 6 X 9. 
912 pages, 186 illus., 80 tables. $15.00 


MONOMERS. A Collection of Data and Procedures on the 
Basie Materials for the Synthesis of Fibers, Plastics, 


and Rubbers 
Edited by E. R. BLOUT, Polaroid Corporation, Cambridge, Mass., and H. 
MARK, Institute of Polymer Research, Polytechnic Institute of Brooklyn, N. Y. 
1951. 6% x 9%. Consisting of 14 monographs collected in ring binder, totalling 
644 pages, 46 illus., 47 tables. $12.50 including binder. 


TECHNIQUE OF ORGANIC CHEMISTRY 
Editor: ARNOLD WEISSBERGER. 


Volume IV: DISTILLATION 
1951. 6 < 9. 696 pages, 293 illus., 97 tables. $14.00 
Contributors: Arthur and Elizabeth Rose, Arthur L. Glasebrook, Frederick E. 
Williams, Carl S. Carlson, John R. Bowman, R. Stuart Tipson, Edmond S. Perry, 
John C. Hecker. 


Volume V: ADSORPTION AND CHROMATOGRAPHY 
By HAROLD GOMES CASSIDY, Sterling Chemical Laboratory, Yale University, 
New Haven, Conn. 1951. 6 X 9. 870 pages, 53 illus., 54 tables. $7.00 


ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY 


Complete in 12 volumes 
. Edited by RAYMOND E. KIRK and DONALD F. OTHMER. 
Assistant Editors: Janet D. Scott and Anthony Standen. 


Volume 6: EXPLOSIVES to FURFURAL 
1951. 1008 pages. With numerous illustrations and tables. Subscription price 


$20.00 


All books available on approval. Detailed description on request. 


INTERSCIENCE PUBLISHERS, Inc., 250 Fifth Avenue, New York 1, N.Y. 


37A 


VOLAND 


ANALYTICAL 
WEIGHTS 


STANDARD for all 
SCIENTIFIC REQUIREMENTS 


Sixty years of proven manufacturing expe- 
rience, sound engineering and research, care- 
ful selection of materials combine to insure 
absolute accuracy and high precision in 
Voland Analytical Weights. 


Stainless Steel—Voland non-mag- 


netic, non-hygroscopic alloy. 
Lacquered Brass—Highest quality 
‘ finish. 
Available in Class S or S2 tolerances. Rhodium Plated —Finest weight 
Stocked by your laboratory dealer. manufactured. 
Products of American Craftsmanship and Integrity. VOL AND & SONS, INC, 


32 Relyea Place New Rochelle, N. Y. 


NYLAB now offers 


THE SARGENT MANUAL RECORDING 


Model II] POLAROGRAPH 


ee @ 
AN ECONOMICAL INSTRUMENT 
THAT MAY BE USED IN ANY 
PHASE OF POLAROGRAPHY 


This manual control instrument incorporates the same design and construction as does 
the photographic recording Model XII (NYLAB#75950). While this polarograph may 
be used in any phase of polarography, it is particularly recommended for: (1) Routine 
analysis where only one substance is determined and where the step shape approximates 
a pure form, characteristic of reversible reactions involving simple ions in fairly sub- 
stantial concentrations. (2) In laboratories where recording polarographs are used for 
several determinations, this instrument may be used for each thus releasing the record- 
ing instrument for research, etc. (3) In the performance of amperometric titrations. 
(4) In educational institutions for instructional purposes. 


The model III Polarograph comes complete with 3 dry cells, one galvanometer lamp, one set of cell 
lead wires, one 25,000 ohm calibrating resistor plug and cord and plug. 75995...... Each $390.00 


imag] avataej| New York Laboratory Supply Co., Inc. 


76-78 VARICK STREET NEW YORK 13,N.Y. 


JOURNAL OF CHEMICAL EDUCATION, JANUARY, 1951 


\\ 
\ 
\ 4000 & 
\\ 
\\ 
\it 
\ - 
> ap 
3 
d 
3 
3 
— 
rik 
3 
@¢: 
75995 
if 
Ag 
: 
4 
Plea 


chiorid® 


ine Hy 67.5? 
Methylor yer MWS 
not ic 
For CHEMICAL purroses. FOR CHEMICAL pur 


cs 


ure, 


WARNING! Value 


USE WITH ADEQUA 
AVOID PROLONGED 


An informative label 
makes your work easier... 


When you pick up an Eastman Organic Chemical bottle these 
days, you see a new label that gives the structural formula and the 
formula weight. We’re pretty sure you'll find it helpful in eliminat- 
ing the confusion over identity and position of groupings that 
often arises from variations in nomenclature. It should also save 
you the time required to look up or calculate molecular weight. 


Since a chemical label should flash its message fast, we’re very 
careful to carry warnings that notify of known hazards in handling. 


A white label indicates “Eastman” grade, the highest in purity. 
Yellow means “Practical” grade, sufficient in purity for most lab- 
oratory synthesis. A blue label (“Technical”) goes on high-grade 
commercial compounds. 


The purity. of the more than 3400 Eastman Organic Chemicals 
is actually checked in many ways, but a statement of melting or 
boiling ranges, obtained by actual measurement in our control 
laboratory, is what we believe to be most generally informative. 
That’s the way we do it in our catalog. The latest issue is List No. 
37. If you don’t have a copy, you'll do well to send for it without 
delay. Write Distillation Products Industries, Eastman Organic 
Chemicals Department, Rochester 3, N. Y. (Division of Eastman 
Kodak Company.) 


co] | Eastman Organic Chemicals 


for science and industry 


Also...vitamins A and E... distilled monoglycerides ... high v 
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WHATMAN 
Ashless Tablets 


byl Modern analytical technique fre- 
y quently calls for the use of ashless pulp 
to expedite the filtration of gelatinous 
precipitates and to permit the use of 
y more rapid filtering papers for fine 
Ly precipitates without jeopardizing ac- 
curacy. 
y WHATMAN Ashless Tablets are an 
ky excellent source of such pulp. They 
have so little ash that it can be safely 
y ignored, they break up easily to form 
hy] a smooth, even suspension in distilled 
water and they are comparatively 
inexpensive. 
Vv} You can either make up a stock sus- 
pension or use a portion of a tablet 
y for individual analyses. 
Always keep a supply of WHAT- 
Md MAN Ashless Tablets on hand as you 
Y will find many uses for them. 
Order from your dealer but if you 
would like samples, write direct to us. 


| H. REEVE ANGEL & CO., INC. 


52 Duane St. New York 7, N. Y. 


_ MCRILTER PAPERS 


How to Prepare 
Your Science Order 
Without Writing a Single Word! 


It can be done—as thousands of science teachers 
have discovered. 

The apparatus, reagents and you'll 
need for Chemistry, Physics and Bi 
ordered, quickly and accurately, without putting 
one word on paper. 

How? By using the CamboscO Order Book, 
whose pages are designed to serve as order forms, 
You are thus absolved from the time-consuming 
chore of copying long want lists. 


Compact — but Comprehensive 


There’s no need to hunt through half a dozen 
bulky catalogs to locate the materials you want for 
student experiments, or for your demonstration 
work. 

In the CamboscO Order Book you'll find descrip- 
tions and ~ for 7781 items, of which 1601 are 
pictured. Throughout the listing of apparatus, 
numbered illustrations are interspersed, for instant 
identification. 


Detailed Dimensional Data 


For every piece of apparatus that is made in more 
than one size, complete dimensional data are given. 
Pyrex Test Tubes, for example, are offered in twenty 
sizes and styles. For each, the listing shows: 
length, diameter, rubber stopper size, price per 
dozen, number in case and price per case. 

This unique method of listing, in which a single 
page equals two or three pages of an old style 
catalog, eliminates some ‘‘sales talk’’, but omits 
none of the information essential for intelligent 
choice. 

For teachers who prefer them, there is included a 
liberal supply of conventional order blanks, printed 
on special paper, on which it is easy to write with 
hard pencil, soft cil, ink, or ball point pen. 
Those perforated blanks have proved especially 
convenient for interim orders. 


An Annual Publication 


Once a year, the CamboscO Order Book is pains- 
a revised, from cover to cover. New items 
are added. Obsolete or unavailable materials are 
dropped. Prices are brought up-to-date at the 
moment of publication. 


Free— to Teachers of Science 


The CamboscO Order Book is furnished, without 
charge or obligation, to science teachers and to 
school officials. 

Your free copy of the current edition will be sent post- 
paid on receipt of your teaching address. 


Camtesce SCIENTIFIC CO. 


373 ANTWERP ST. e BRIGHTON 35 


BOSTON, MASS., U.S.A. 
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Manometer 

The new Teschner-Machlett Manometer 
sith Bennert scale has been announced 
by E. Machlett & Son, 220 East 23rd 
sireet, New York 10, New York. This 
igstrument overcomes the shortcomings 
of the old type Mercury manometer, 
wmely, easy breakage of glass parts due 
to exposed construction, freezing of stop- 
wks, necessity of manually raising and 
jwering the scale which frequently 
dicks and freezes, and inaccuracy in 
readings due to difficulty of manipulating 
the scale over small distances. The 
new manometer is made entirely of metal 
with the exception of the manometer “U”’ 
tube itself which is of glass but so protected 
ad supported within the housing as to 
reduce breakage to a minimum. Even 
ffbroken it is easily and inexpersively re- 
pled. In addition the tube has a dust 
filter trap which materially reduces 
danger of contamination of the mercury. 


Abalance type chain device conveniently 
controlled by a large plastic hand wheel 
permits rapid and precise scale adjustment 
over both small and large distances. An 
“on-off” knob opens and closes a preci- 
sion ground metal stopcock which is im- 
pervious to mercury vapors. A key slot 
leated on the back of the instrument 
permits wall mounting. 


Sodium Shot 


Metallic sodium in shot form is being 
dered in research quantities by Pierce 
Chemical Company, Rockford, Illinois. 
Itis furnished in uniform size, 1-2 mm. in 
diameter, under xylene, but larger sizes 
and other inert media will be available. 
It is intended for use in the laboratory 
Where sodium in the form of wire, ribbon, 


chips, or slices is now employed, and its use 
should make sodium press operations un- 
necessary. For dispensing to students, 
shot of 6-8 mm. size could be transferred 
from a bottle with tweezers. With smaller 
shot the xylene-sodium shot slurry is trans- 
ferred by pouring and the sodium meas- 
ured by weight or volume. The xylene is 
readily removed and replaced with another 
liquid if desired. 


Adhesive Label Tape 


An adhesive tape known as “Labelon 
Tape” hasbeen announced by Will Corpora- 
tion, Rochester 3, New York. It is fabri- 
cated in three plies, transparent cellulose, 
carbon, and adhesive, and can be written 
on with any pointed instrument. Mark- 
ings cannot be erased, and, with the tape, 
are water-, oil-, dirt-, and smudgeproof as 
well as acid resistant. However, the sur- 
face becomes impaired above 65°C. The 
tape adheres to metal, plastic, glass, etc., 
without moistening, but can be removed 
easily, if desired. It comes in roll form in 
a container with a metal cutting bar. 


Openings for Chemists 


Positions are open for chemists in the 
newly organized Geophysical Research 
Directorate of the Air Force Research 
Laboratories, Cambridge, Massachusetts. 
Salaries range from $4000 to $10,000 per 
year, and full information can be had from 
the U. S. Civil Service Commission, Wash- 
ington, D. C. 


LABORATORY Aips 


You Shouldn't Be Without 


TYGON TUBING 


No one likes to work in the dark. That's 
why lab technicians everywhere prefer 
clear, flexible Tygon Plastic Tubing, the 
recognized world’s standard! They can 
see what goes on. They like the freedom 
from contamination worries, 
Tygon is non-toxic. Its angle worm flex- 
ibility simplifies set-ups. Tygon Tubing 
can be thoroughly cleaned (even ster- 
ilized) easily and quickly .. . makes for 
economy in use. Your laboratory supply 
dealer carries Tygon Tubing in stock in 
all popular sizes. Better put in a stock 
now. 


too, for 


ter when équipment, walls and 
ceiling are painted with Tygon 
corrosion-resistant 


from the same 
Tygon Tubing . 
require a. primer . . . goes on 
easily by brush or spray without 
any unconventional surface prepa- 


requirements. Ask your laboratory 
dealer about Series “K” Tygon 
Paint. Try it. You’ll like it. 
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Any lab looks better, serves bet- 


plastic Paint. 
Series “K” Tygon Paint is made 
basic resins as 
. . doesn’t 


ration. The wide range of colors 
will meet almost any decorative 


PLASTICS & SYNTHETICS DIVISION 


‘‘PROTECTO-GRIDS”’ 


Glass breakage costs mount up. 
A Tygoflexed “Protecto-Grid” in 
the bottom and on the drain 
boards of your laboratory sink 
will pay for itself very quickly. 
The soft, resilient Tygoflex cover- 
ing absorbs shock —saves valu- 
able glassware, reduces accident 
hazard. The tough, long-wearing 
plastic shrugs off laboratory cor- 
rosives. “Protecto-Grids” are made 
in a range of sizes to fit all stand- 
ard laboratory sinks. Your labora- 
tory supply dealer can tell you all 
about them. 


STONEWARE 
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Single adapter or double revolving nosepiece. Requires 
only a quick 14 turn to switch from one power to an- 
other. 


Circular housing of double nosepiece protects paired ob- 


MANY FINE jectives from dust and abusive handling. 
FEATURES Low overall height, and slightly inclined eyepieces per- 
mit comfortable posture. 
Clear, erect images and wide, flat fields. 
Magnification range from 6.8 to 98X. 
Convenient, well proportioned stand. 
$185.00 for No. 67R with 1.0X paired objectives and 
AT THESE 10X Huygenian eyepieces, without base and mirror. 
MODERATE $258.00 for No. 57W with 1.7X and 3.4X paired ob- 
PRICES keene and 10X Huygenian eyepieces, with base and 


Other models proportionately low priced. 


These precision instruments are indispensable in mineralogy, metallurgy, small 
parts inspection, critical assembly operations, food processing, science teaching. 
See your AO Spencer distributor for a demonstration, or write Dept. N67. 


American & Optical 


COMPANY 


INSTRUMENT DIVISION e BUFFALO 15, NEW YORK 


Liquid Counter Set 


A special set of equipment designed to 
speed up and simplify laboratory work 
with solutions containing radioactiye 
materials has been announced by Nuclear 


Instrument and Chemical Corporation. 
229 West Erie Street, Chicago 10, Illinois, 

In addition to standard laboratory 
pieces, such as ring stand and necessary 
clamps, the set also includes a special 
Marinelli type beaker and a support on 
which the beaker can be mounted. A 
plug-in type counter is provided with 
the set over which the Marinelli beaker 
can be placed. 

As part of this set, a test tube of correct 
size is also provided so that the Geiger 
tube may be used as a dip counter. For 
beta counting the test tube is filled with 
20 cc. of the active liquid which the 
covers the sensitive area of the counter. 

This counter is all glass and is easily 
decontaminated. The Marinelli beaker 
may be used only for gamma counting 
since a heavy glass wall is interposed be 
tween the liquid and the counter. The 
advantage of this method is that the 
counter is not contaminated in any way 
and, therefore, many solutions may be 
checked without the necessity for cleat 
ing the counter each time. 


Rubber Sample Kit 


A new rubber sample kit containing 
materials for 11 classroom experiments has 
been prepared by United States Rubber 
Company, Public Relations Department, 
1230 Avenue of the Americas, New York 
20, New York. It is designed for use 2 
the upper grades of grammar school, andi 
high-school classes. 

The kit contains samples of liquid later, 
foam rubber, rubber thread, natunl 
smoked sheet, synthetic rubber, cured 
black rubber, and cured white rubber. 
An illustrated booklet gives directions for 
the experiments and describes rubber! 
properties, the tapping of the rubber tree, 
production of synthetic rubber, manufat 
ture of finished products, and the use d 
rubber in everyday life. 

The kit may be obtained by writing fat 
“Rubber Sample Kit” and enclosing # 
cents in coins. 


or pap 
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for rapid, accurate preparation 

Nuclen of Volumetric Solutions. 

... Laboratories requiring speed and accuracy are 
using Acculute with excellent results. 


, ACCULUTE SAVES TIME — Open the ampoule — transfer the con- 
port on tents to a volumetric flask — dilute to volume (1000 ml) —your 
ted. A volumetric solution is prepared. 


xd with ACCULUTE IS RELIABLE — Close control of the special manufac- 
turing processes insures uniformity of the product. Acculute 
| beaker does not vary in chemical content — you can depend on it. 


ACCULUTE IS ACCURATE — Each ampoule contains the precise 
concentrated equivalent of the normality stated on the label. 


correct There is no need for subsequent standardization. 
Geiger Caustic solutions are supplied in wax ampoules, others in 
or, For chemically resistant glass. 


“ Complete instructions for preparing Acculute solutions are 
ed with furnished with each unit. 

A special bulletin, listing Acculute concentrates with prices 
ch then and discounts will be sent on request. as 
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dinf} Accutint is simple to use —just place a strip of the paper in contact 
, an with the substance to be tested and compare the color of the exposed 
Portion with the master colors on the vial. . 
d later, Accutint is rapid—it gives immediate results—no calculations are 
tural necessary — visual color comparison indicates the pH value. 
na Accutint is accurate—to 1 pH in the wide range paper and to 
0.3 pH in the fractional range. Wide range papers are recommended 
! pber. where the pH value is not known to be within the limits of a frac- 
rubbel, tional range paper. Fractional range papers are used for greater ac- 
ions for§| curacy after the range has been determined. 
ubber® $-65277 ACCUTINT TEST PAPERS. Packed vials, each vial 
contains five pads or 100 strips. Color chart instructions are in- 
er treé,§} cluded with each vial. Per Vial 65 
anufae Per 72 Vials 10% 
$-65278 MASTER COLOR CHART. Illustrates color standards and read- 
of 
| use ings for every pH value in each of the twenty-three wide and frac- 
tional ranges. Chart helps in the selection of the most suitable ranges 
or papers for a specific purpose. Each $1.00 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS - APPARATUS « CHEMICALS 
E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICHIGAN 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 9, TEXAS 
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NEW VINYON-N 
LABORATORY COATS 
OUTLAST ORDINARY 
GARMENTS 10 TO ONE! 


Will save plants thousands of dollars annually! 


Here at last are the truly long-lasting work 
clothes that industrial users of chemicals 
have long wanted. Chem-wear will far 
out-last present day garments — be in 
use weeks and months after cottons and 
wools are just useless rags. 


Chem-wear will save plants hundreds of 
thousands of dollars annually — especially 
in operations using acids, caustics and 
other cloth-destructive agents. Greases 
and waxes can be safely removed from 
Chem-wear with solvents and laundering 
caustics that destroy ordinary clothing. 


Chem-wear is made of VINYON-N — 
Union Carbide’s sensational new textile 
development. Vinyon-N is inherently 
chemical resistant — it is not a treated 
fabric. 


Write for Bulletin 750 


Order a garment today—see for your- 
self how Chem-wear will solve your 
work clothes problem. 


320 MARKET STREET. PATERSON 3,N. J.» SHERWOOD 2 1123-4 
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One Stopcock Controls All Action 
MACHLETT Auto-Burettes and Pipettes 


The automatic action of Machlett Auto-Burettes and 
Auto-Pipettes measures and delivers a specified volume of 
fluid accurately, quickly and conveniently. Control is 
simplicity itself/—a half-turn of the stopcock handle fills; 
another half-turn empties. Machlett Auto-Burettes and 
Auto-Pipettes are made to Bureau of Standards specifica- 
tions, in the sizes listed below and to special sizes. Fur- 
nished in amberized glass at a slight increase in price. 


71-645 Pipettes, Machlett Automatic, Pyrex, gravity filling 


with support 
— capacity, 5 10 25 50 ® 
ml. 
Reservoir cap., ml. 1000 1000 2000 2000 
Each $20.50 21.50 23.00 24.00 
8-526 Burettes, Machlett Automatic, Pyrex, gravity filling with 
support 
Capacity, ml. 2 5 5 10 25 50 
Subdivisions, ml. 0.01 0.02 0.05 0.05 0.1 0.1 
Reservoir cap., ml. 500 1000 1000 1000 2000 2000 
Each $22.50 23.75 23.00 25.00 27.00 28.50 


Write for Bulletin A-B 


E. MACHLETT & SON 


ESTABLISHED 1897 
Laboraloy APPARATUS + SUPPLIES « CHEMICALS 
220 East 23rd STREET‘ NEw YorK 10, N.Y. 


SPECIAL 
GLASSWARE 


We also maintain 
a modern glass- 
blowing _depart- 
ment for special 
scientific and tech- 
nical glass appara- 
tus made to speci- 
fications and draw- 
ings. We invite 
your inquiries and 
will dale furnish 
estimates upon re- 
quest. 


A LABORATORY OVEN FOR THIS YEAR AND EVERY YEAR 


The Popular 


Boekel Drying Oven 
can be found in 
educational, industrial, 
and 


clinical laboratories 


throughout the 


world. Catalog No. 1078 


@ Asbestos transite exterior. 

@ Welded frame—18-8 
stainless steel. 

@ Thermostatically regu- 
lated to 180°C. 

@ Positive control within 
+ 

@ Pilot light. 

@ Heating chamber— 
10”H, x 12”W, x 10”D. 

@ Removable heating 
units—660 watts. 

@ Six foot cord and 
plug furnished. 


Manutocured y WM. BOEKEL & CO., INC, 6, pa. 
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Here’s the INSIDE STORY on new features 
of “Labconco” Electric Kjeldahl Apparatus: 


1 and 2—Branch circuit panels with front removed. 
New “pushmatics” provide automatic tripping under 
overload or short circuit. A flip of the finger resets 
them. This new safety feature is another Labconco 
“Firstl” 


3— Magnetic contactor, operated from digestion 
timer (5). Just set the timer and go about your work — 
your digestions automatically cut off at the proper 
moment! 


4— Magnetic contactor, oper- 
ated from pushbutton station (6). 
Just push a button — off goes all 
current to your distillation appa- 
ratus. Another “Labconco” safety 
feature! 


Continual improvement of prod- 
uct, quality materials and know- 
how are responsible for “Lab- 
conco” leadership in Kjeldahl 12 capacity digestion and dis- 
manufacture. Write today for tillation unit with 3 heat con- 


trol and thermo-water control 
pictures, prices, users, and com- for distillation. One of many 


plete details. sizes and models available. 
LABORATORY CONSTRUCTION CO. 
1115 Holmes St. Kansas City, Mo. 


A compact highly accurate pH meter, 
featuring full A.C. operation. Built 
through-out to the high Beckman 
standard of quality, convenience and 
dependability. 


@ Full vision panel 


e@ Convenient electrode connections 


Compact, complete ready to plug into 
any 110 volt A.C. line. 


Write for Bulletin #170A for complete 
information. 


THE RUPP AND BOWMAN COMPANY 


315-319 SUPERIOR STREET, TOLEDO, OHIO 
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MARK IT 


with the 


Cc. R. C. LABMARK 
MARKING PEN 


$500 
complete 
with ink 


MARKS GLASS, PORCE- 
LAIN OR OTHER SUR- 
FACES PERMANENTLY 


DRIES INSTANTLY 


WATERPROOF 


WRITES SMOOTHLY ON 
ANY SURFACE 


Nothing like it for marking bottles, beakers, slides, 
flasks or anything in the laboratory that needs 


on any surface. Ink flows instantly and freely ... 
dries immediately and it’s waterproof. Marking 
can be autoclaved. Pen is self-filling . . . leakproof. 
Ruggedly constructed of aircraft aluminum and 
handsomely finished in baked enamel. Pocket clip 
for handy carrying. Writing nib (14¢” diam) is 
felt with interwoven fibers, and can be extended 
to compensate for slight wear as pen is used. 
Ink for months of use included with each pen. 


A special pen with oil resistant ink for 
oil laboratories is available at $6.35. 


THE CHEMICAL RUBBER CO. 


Scientific Equipment, Analytical Chemicals, Laboratory Supplies 
HANDBOOK OF CHEMISTRY AND PHYSICS 


2310 SUPERIOR AVE., CLEVELAND 14, OHIO 


clear, easy to read identification. Writes smoothly . 


the new 
ACME 


automatic electric 
water heater 


» HOT WATER... At a cost 
» of only a few cents when 
» you want it—where you 
, want it——just as you want it! 


wes ws 


FULLY 
APPROVED 
BY 
UNDER- 
WRITERS’ 
LABORA- 
TORIES 


SPECIFICATIONS 


18-8 Stainless Steel Cabinet—satin finish. 

Dimensions: Height 16” x 12” wide x 7” deep. 

Heating elements thermostatically controlled. 

Operates on 110 Volts AC only. Consumes 1320 Watts. 
Fiber Glass Insulation. Vermin proof and fireproof. 


Non-corrosive, heavy shect copper tank pure tin lined, 
capacity two gallons. Non-pressure. 

Equipped with snap electric (toggle) switch; neon pilot 
light and 6-foot rubber covered cord and plug. Shipping 
weight 24 Ibs. packed in strong carton. 


heating elements and automatic thermo- 

static controls in addition to a complete line of hospital and 

laboratory equipment. Write us regarding your problems. 
Write Dept. | for our new catalog. 


ACME equipment is available through all recog- 


A nized dealers, or contact us direct for quick service. 
Al ACME LABORATORY EQUIPMENT CO. 
\_506 W. 124th St., N.Y. 27, N.Y 
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WATER 


Help You. 


Klett .... 


Photometers 


and Processing costs are high 
and getting higher. But by us- 
ing Distilled or Demineralized 
Water, or both, you can in- 
crease production, decrease re- 
jects, lower manufacturing 
costs, and provide uniform 
product and process controll at 
all times. 
But Pure Water requirements 
differ in every industry ... 
and in most processes, for that 
matter. And since Barnstead 
makes both . . . Water Stills 
for Distilled Water and De- 
mineralizers for demineralized 
water, you can be sure of the 
correct solution to your Pure 
Water problems by having a 
Barnstead Pure Water engineer 
make his recommendations. 
Write for Barnstead Pure Wa- 
ter Catalog #123. 


DO IT WITH PURE WATER 


a) Barnstead Demineralizers 
produce mineral-free water 
of far higher purity at lower 
cost with a minimum of main- 
tenance. Whether you need 5 
‘gallons an hour or 1000. . 

you'll find there’s a Barnstead 
Demineralizer to fit your re- 
quirements and save you money. 


Designed for the 
rapid and accurate 
determination of 
thiamin, riboflavin, and other substances which 
fluoresce in solution. The sensitivity and sta- 
bility are such that it has been found particu- 
larly useful in determining very small amounts 


of these substances. 

For the production of high- 

est quality, chemically pure, 
I | sterile water . . . For trouble- 
operation . . . 
or distillate of unvarying con- 
d, KLETT SCIENTIFIC PRODUCTS sistency . . . Look to Barnstead. 


Since 1878, Barnstead Labora- 


ELECTROPHORESIS APP RIMETER: > 
tory and Industrial Pure Water 


GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- 


ETERS © GLASS STANDARDS KLETT REAGENTS of tr 
Industrial World. 
FIRST IN 
CLT Manufacturing Co. PURE WATER 
i79 EAST 87TH STREET, NEW YORK, N.Y. 


65 Lanesville Terrace, Forest Hills, Boston 31, Mass. 
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The best Source 
For Your Research 
ORGANIC ad INORGANIC 
CHEMICALS 


| 
| 


AMEND DRUG & CHEMICAL Co., INC. 


117-119 East 24th Street New York 10, N. Y. 


LUMETRON Photoelectric Colorimeter MOD. 401 


for accuracy, ease, and speed of operation 
in colorimetric and turbidimetric analysis | 


With built-in stabilizer of high efficiency 
For use with tubes and precision cuvettes 
With sliding tube carrier and sealed photocell 
For operation from power line and battery 


In rigid metal housing with Plexiglas cover | 


For Production Control in 
fo 
st 


Analytical Laboratories 


Educational Institutes pl 
Write for Bulletin #409 to Price, complete with 6 color filters $158.— 
PHOTOVOLT CORP. 
95 Madison Ave. New York 16, N. Y. 
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di-eleectrie 
eonstant meter 


This reliable, easy-to-operate instrument meas- Readings are taken with the probe in air as well 
ures the di-electric constant of liquids and dem- as in the unknown liquid; with these figures the 
onstrates the principles related to this property. di-electric constant can be determined by means 
A single probe measures the full range from of a simple formula. 

unity to 85; the instrument is accurate within 

19% at 1-10, 5% at 10-15, 1% at 50 and 3% at Write for Bulletin 280-H for full information. 
80. 


The meter employs a probe in determining the 
di-electric constant of the unknown liquid. 
This probe has a variable condenser and a seven ABORATOAY 


position switch with which fixed variations in APPARATUS 
the capacitance of the condenser can be effected. 0 , Q p &. on COMPANY 


ANN ARBOR. MICH. 1043 


icy 


SPECTROPHOTOMETER 


= 


Model IR-2 


This Beckman IR-2 Infrared Spectrophotometer is one by use of a special filter-beam chopper . . . and eliminates: 


instrument you will find indispensable in your research reference conversion charts by employing a directly- 
investigations, analytical laboratory determinations, or calibrated monochromator in wavelength units. A 
for the continuous, automatic control of many plant precision, direct-reading potentiometer assures high ac- 
streams. curacy measurements. (Calibrated to 0.1% in trans- 
Because it employs the “chopped” radiation principle— mittancy, it has a null meter for indicating unbalance.) 
plus an AC amplifier, the IR-2 eliminates zero drift and These are but a few of the many IR-2 features. Write 
non-linearity . . . eliminates the effect of stray radiation today for your copy of detailed Bulletin CE-153A. 


SCIENTIFIC. GLASS co. Inc. 


_ LABORATORY APPARATUS - INSTRUMENTS - CHEMICALS - GLASSWARE © 
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thylene; Acetonedicarboxylic Acid; 
ine; Acetylthiocholine lodide, cis- 


Catalase cryst.; Cellulase Carotte Acid; 
a-Chloralose; 8-Chloralose 
phonic Acid; p-Chloromercuribenzoate Cholesterol Esters; Circula- 


dl-Ethionine; Ethylenediamine Acid; 
Bromide; Fructose-6-Phosphate; Gitoxin; Glucoascorbic luco- 
sides; Glucuronides; Phosphate; Glycylglycylglycine; 
Glycyltry Glycyltyrosine; Heparin; Hexo- 
kinase; Hyaluronic Ac 4-Hydroxyacridine; 8-Hydroxyglutamic 
Acid a-Hydroxyphenasine, 12-Hydroxystearic acid; lodoacetamide; 
Acid, lsoascorbic Acid; Isocitric Acid; Isocytosine; 
bionic Acid; 

ri Amide; Margatic A enthol Glucuron- 
ide; §-Mercaptopropionic Acid; Mesocystine; 
eth B-Methylerotonic Acid; 3-Methyl- 
cytosine; Methylnonylketone; 8-Naphthaleneacetic Acid; N-Naph- 
thyl-N’-dieth Naphthy! Red; Bromide; 
Nitrosomethylurea; Nordehydroguaiaretic Acid; ic Acid; Para- 
banic Acid; Penicillinase; Peroxidase; Phenolohthalein Glucuronide; 
Phenylpyruvic Acid; Phosphopyruvic Acid; Phthiocol; Pregnenolone; 
Protocatechuic Acid; Purourogallin; Pyocyanine; Pyrimidine; Reductic 
Acid; Sodium Amide; Sodium Fluoroacetate; Soh Mageaventy Sphin- 
gosine; Stilbamidine; Sulfaquinoxaline; Tantalum Chloride; o-Ter- 
phenyl; p-Terphenyl; Thiomalic Acid; 
Tien rol; 8-Tocopherol Phosphat -Tocopherol Phosphate; 
Tropic Acid; Tyrosinase; cryst.; Uridine; Uro- 

Ursolic Acid; Vitamin Biz. 


Ask us for others! 


DELTA CHEMICAL WORKS 


23 West 60th St. New York 23,N.Y. — 
Telephone Plaza 7-6317 


NEON 


GON * KRYPTON: XENON 


Now available in commercial-size cy|- 
inders in addition to glass bulbs. Write 
for information on sizes, prices, rigid’ 
purity tolerances, special rare gas — 
mixtures... 


THE LINDE AIR PRODUCTS COMPANY 
Unit of Union Carbide and Carbon Corporation 
30 East 42nd Street New York 17, N.Y. 

In Canada: Dominion Oxygen Company, Limited, Toronto 


The term “Linde” is registered trade-mark 
The Linde Air Products Company. 


* Easily Inserted in Flask 
* Balanced . . : never whip 
* Stainless Steel 


Our new WACO Balanced P 
Stirrers are easily inserted in the 
of the flask . . . never whip so 
glass set-ups are safe! 


All made with 300 mm. x 6 

shaft... the only difference is| 

of the paddle. Suitable for 

‘sd sizes of flasks used in 
boratory. 


No. 7298-JC. WACO Balanced Paddle Stirrers. Shaft 6 mm, 
300 mm. to fit 1/4” or 3/16” chuck. In boxes of 3 Paddles, 
Blade 20 x 50 mm. — $2.00 
“ 20x 75 mm. — $2.25 
“ 20 x 100 mm. — $2.35 
No. 7298-JC. Conveniently packaged set of 3, 


$601 


Put your high-vacuum 
requirements ona 
production line basis — 


The Eimac HV-1, oil-diffusion type veil 
um pump, because of its construction” 
features assures consistently “dependable 4 
operation characteristics. When this high- 
efficiency pump is used with Eimac type 
A oil, an ultimate vacuum of 4 x 10-7 mm 
of mercury may be reached. 


Rapid pumping speeds and simplicity of” 
maintenance enable the HV-1 to produce 

more units-of-work dering period of 
time than conventi ps of similar ; 


size. Write for complete. technical dota. 


* Clear Glass Pomp Barrel 

No Liquid Cooling 
* No Charcoal Trap 

* No Mechanical Wear 
Maintenance without Special 


Simple Pipe Flange Vai-System 
HV-1 
VACUUM PUMP 


EITEL-McCULLOUGH, INC. 


2287 SAN MATEO AVENUE e SAN BRUNO, CALIFORNIA 
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MODEL 1900... for boiling, 
evaporations and general labora- 
@ tory work . 


Ideal unit for a wide variety 
of routine and critical laboratory uses because of 
its wide temperature range, exceptionally close con- 
trol—less than 5° F. variation. Features com- 
letely variable control over full temperature a 
— 100° to 700° F. Com act, Convenient . 
plugs into any 110 V. 50/60 Cy. circuit. Plate size, 
6” square. Cast aluminum top heats rapidly to all 
edges. Neon pilot light. Well Press and venti- 
lated. Price, $19.75. Write for literature and 
nearest dealer’s name. 


THERMO ELECTRIC MANUFACTURING CO. 


ILLINO|S 


471 West Locust St., Dubuque, lowa. 


FOR PRECISE 


there nothing le 
NOMTADING 


GLASS COLOR 
STANDARDS 


Hellige Glass Color 
Standards are safely 


able plastic frames. 
They are more 
convenient and eco- 
nomical. They never 
fade or change, 
THEY NEVER FAIL. 


Write for NEW Comparator Catalog No. 600 


HELLIGE 


INCORPORATED 
3718 NORTHERN BLVD.. LONG ISLAND CITY 1, NY. 


HEADQUARTERS FOR COLORIMETRIC APPARATUS 


ELECTRONICALLY REGULATED 


LABORATORY 


DEPENDABLE POWER SUPPLIES 


MODERATELY 
PRICED 


@ INPUT: 105 to 125 VAC, 50-60 cy 

@ OUTPUT #1: 200 to 325 Volts DC at 
100 ma regulated 

@ OUTPUT #2: 6.3 Volts AC CT at 3A 
unregulated 

@ RIPPLE OUTPUT: Less than 10 milli- 
volts rms 

For complete information write for Bulletin H-8 


LAMBDA ELECTRONICS 


MODEL 28 
STANDARD 

RACK 
MOUNTING 
PANEL SIZE 

x 19" 
w 16 LBS. 


CORONA NEW york 
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Precision at Low Coat ... 
KERN INSTRUMENTS 


FULL-CIRCLE PO 
Tripartite field of vision for greater 
accuracy in focusing. 

Direct readings to 0.05° and estima- 
tions to 0.01°. 

Micrometer adjustment for easy and“ 
precise readings. 

Sold by leading dealers. 
Bulletin KP-495 


Electrophoretic analysis of exceptionally small samples. 
Complete analysis within 114 hours! 

Simple to operate. Data easily and quickly evaluated 
and interpreted. 2% accuracy with 1.5% solution. Stur- 
dily and compactly built. 

Bulletin D-505 
Write for bulletins, today, for complete data. 


KERN COMPANY 
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 GHEM ED BUYERS’ GUIDE seevices 


CONTROLLED HEAT TO 1050°C. 


Built-in Controller and Indicating Pyrometer 
Low Initial Cost . Economical Operation 


This compact, clean heavy-duty furnace meets the need for an inexpensive, 
economical unit for ali laboratory operations such as drying of precipitates, 

determinations, fusions, ignitions, etc. The maximum safe working 
temperature is 1000°C. (1832°F.). For intermittent periods of short dura- 
tion the furnaces may be operated at a maximum temperature of 1050°C, 


CONTROL: A built-in Indicating-Controllin eter with Li 
Controller, mounted in the panel board, holds at 
desired, within 25° of the setting. The Controller is calibrated in both 
Centigrade and Fahrenheit in 24° increments from .0 to 2500°F,; 
IMlustrated is No. 7054 — Interior size 8 oo 
Other sizes range from $160.00 to $495.00. Send for 


THE ELECTRIC Jlotoack CO., INC., 5097 COTTMAN ST., PHILA. 35, PA. 


INDEX OF REFRACTION LIQUIDS ° 

Used in Chemical Research and Nuclear Physics 
Range 1.400-1.200, intecvale of 0.008 or as Laboratories for all Types of Scientific Instruments 
selected. ified to + 0002 
Range 1.71-1.83, intervals of 0.01 CONTAINS COLLOIDAL GRAPHITE 
rite for Price List Nd-JCE 2 oz. bottle with brush—$1.00 postpaid 
R. P. CARGILLE 
118 Liberty Street New York 6 N. Y. HURON INDUSTRIES — Port Huron 17, Mich. 


NEW LINE OF SPECIALIZED CARTS help 
save steps, time, breakage, labor costs in you 
laboratory. ial carts for carrying chem 
etc.—all of one-piece “a 
construction. ‘‘Labconco” carts are now being I 
used in the laboratories of U. S. Dept. of Agricul. = 
ture, U. of California, Procter & Gamble, Armow, 

Dow Chemical Co., and many, many other, | 
PICTURES, PRICES, FULL DETAILS ON ALL 
“LABCONCO" CARTS AVAILABLE—WRITE If 

FOR FOLIO N TODAY. | Pur 


LABORATORY CONSTRUCTION CO. Rare O 
1113 Holmes Street @ Kansas City, Missowi 


LABORATORY RARE ALCOHOLS 


ALDEHYDES 
INSTRUMENTS ACIDS 
Chemical, biological, physical, - and other products 


clinical, research, engineering, SPECIAL SYNTHESES 
quality control, etc. PERFORMED ON REQUEST 


ORGANIC NITROGEN COMPOUNDS 
New, Revised — — $8.75 


FUNDAMENTAL ORGANIC CHEMISTRY 
New, Revised — $4.50 


University Lithoprinters, © 
Ypsilanti, Michigan 


MATE RI AL Ss TE STI NG HUNTINGTON CHEMICAL LABORATORY 
EQUIPMENT 
* 


HIGH-PRESSURE QUAR TZWARE 


APPARATUS FOR INDUSTRY 

for pressures to 100,000 psi. y * AND LABORATORY 
& temperatures to 2500°F A complete line of stand- 
(pilot plants, reaction vessels, ard apparatus for high- 
valves and fittings, pumps, com- temperature, micro, and 


pressors, instruments, dead- = 
weight gages, etc.) 


your requirements. 
WRITE FOR LITERATURE 
AMERICAN INSTRUMENT CO., Inc. 
cH se 


and literature 


THE PANRAY CORP. 
SLtveEen SPRING MARYLANO 


340 Canal St. ree) 


Quartzware Division 
Stainless Steel LEASHES 


For Laboratory Glassware 


Corrs 


@ Non-Rusting @ Easy to Apply @ Heat Resistant 
Prices have been reduced on quantity orders. 
Sizes: Extra Small; Small; Medium; Large; Extra Large and As- 
sorted Sizes. 
Your supply dealer is your nearest source of supply. 
Leashes and seventeen other new and useful items are fully illus- 
trated in our last issue of “LAB CARE”. 

Write for your copy to 


METAL PRODUCTS CO. 


1308 Evergreen Houston 17, Texes 


“A hreasurehouse 


for those who take pleasure in coming 
into intimate contact with the lives of 
great people . . . a wealth of pictures 
and original material ... It stimu- 
lates, encourages and leads its readers 
on to a more careful study of science.” 

The Science Teacher. 


578 pages 300illus. $4.00 
Chemical Education Publications 


2000 Northampton Street 
Easton, Pennsylvaniay 
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CHEM ED BUYERS’ GUIDE SERVICES 


| WE'VE DISCOVERED SOMETHING | 
NEW! NO or } 
> 
> Varniton Stopcock Lubricant (general use 4 Citraconic Anhydride 
IMMEDIATE bases in screw cap, bottles, } 
ea. ers, asks, ev: ishes, an 
4 boy 4 \b. 
VARNITON LABEL VARNISH 
from complete stocks V-21 For (via } 4 
Alkaloids cis & trans Aconitic Aci 
§ otection against Con. Acids ‘ 
Natural and Synthetic Amino Acids 16 } Aconitic Anhydride 
Unnatural Amine Acids ‘ dispenser $1.50 f.0.b. Burbank } SEND FOR FREE BULLETIN NO, CE1 ‘ 
Enzymes and Coenzymes 416 Varney St. Burbank, California SmitH-New York Co..INC. 
Heterocyclic Compounds FREEPORT.LONGISLAND.NEW YORK | 
Imines and Amince AMINO ACIDS—RESEARCH 
Metalorganice BIOCHEMICALS SODIUM SHOT 
Pharmaceutic al r PROLINE GLYCOCYAMINE ARGININE, 1-2 mm., under xylene 
Purines and Pyrimidines L- and D- ISOMERS, ETC. end bandied. Use fer organic 
Rare Organic Acids and Derivatives H. M. “A LTD. synthesis and a | pees. 
Reagents 144 No. Hayworth Ave., Los Aegan 48, Calif, PIERCE CHEMICAL “See 
Sugars and Derivatives Box 117 
Vitamins and Derivatives 
BIOS Synchro-Lectric NIOXIME ANTHRONE 
Laboratories, VISCOMETER Send for price list 
or ana cal che: we have 
| 17 West 60th St., New York 23, SETS 
rs, 7 Plaza 7-8171 easily as taking temperature. Write for 24 page booklet 
J NOLS 
Counter-Rotating 
H PAPERS 
p Two concentric, oppositely rotating _. Hafnium Cesium Rubidium Niobium 
Accurate pH Values scissor-like cuts per minute. Metals and Salts. 
in a few seconds Write for fully descriptive literature. Your inquiries invited 
218 Porter St., Stoughton, Mass DE REWAL INTERNATIONAL 
strip. Control-colors in steps of 0.2 pH. 4 276 Fie R MET. 20, P 
covering the entire range. Thionalide 
PAUL FRANK Azelaic Acid Esters 
Polymethylene Dibromides 
118 E. 28th St. New York 16, N. Y. oO P 
EDCAN LABORATORIES L Wate 
South Norwalk, Connecticut L ater 
E 
[* GLUTAMINE G Five gallons 
E per Hour 
98% Pure e 
. M With Purity 
G & W Laboratories, Inc. * Indicator 
370 Ocean Ave., Jersey City, N. J. E e 
4 
POLARIMETER TUBES 
and ACCESSORIES for 
GENERAL POLARIMETRY 
INVERSION TESTS 
HIGH TEMPERATURE POLARIMETRY 
CONTINUOUS FLOW 
B-41650 New DEMINERALIZER 
with modern ion- ~exchange resins. 
Write for new list PT12. Up-end oo water bottle’ on top, 
O.C.RUDOLPH& SONS draw purified water from mae ‘a 
Manufacturers of only $39 50 
Optical Research & Control Instruments 
P.O. BOX 446, CALDWELL, N. J. B 0 D F SCIENTIFIC CO. 
PITTSBURGH 22, PA. 
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always fresh, always accurate 


CONVENIENT ... fresh dependable buffer at any 
time, Coleman Certified Buffer tablets are available 
from 2.00 pH to 11.80 pH in steps of 0.20 pH... 
each tablet makes 100 ml of buffer. With Coleman 
Buffer tablets you can store a wide range of buffers 
in a fraction of the space required for liquids. 
PRECISE . . . Coleman Buffer tablets are exactly com- 
pounded, tested and packed in sealed vials... Certi- 
fied to produce buffers accurate to 0.02 pH at all times. 
ECONOMICAL .. . low initial cost, and freedom from 
spoilage over periods of time (as with liquids) make 
Coleman Certified Buffer tablets the economical, 
dependable way to use buffers. 


For full details write for Bulletin BB-205 


JVB 
, 


Che of fra Remsen 
By Frederick H. Getman 


“As a biography of a man important in 
the history of American Chemistry, Prof. 
Getman’s story is well and sympathetically 
told. He has had access to diaries, private 
letters and family memorabilia which enabled him to 
write a book which students of chemical history and 
Remsen’s many friends will welcome.” 


“But more than the life of a great chemist and teacher, 
the book is a condensed version of the most important 
years in this country’s chemical and chemical engineer- 
inghistory. Dr. Remsen saw the collegiate idea change 
from the viewpoint of chemistry as just a part of a 
general cultural training to that where it was a science 
and taught as such. He saw the general acceptance by 
industry of the idea of the necessity of adoption of the 
most scientific methods possible. And it may be said 
that the growth of these ideas was in a large part due 
to the teachings of Dr. Remsen.” 

CHEMICAL AND METALLURGICAL. ENGINEERING 


“Dr. Getman has accomplished a splendid work. He has been 
fortunate in having been able to consult original sources in secur- 
ing all the data concerning Remsen's ancestry and his family life."’ 


“The book is inspirational and should therefore appeal to the neo 
phytes who are beginning their life work in Chemistry.” 

JOURNAL OF THE A. C. 8S. 

ORDER Your Copy TODAY $3.50 POSTPAID 


CHEMICAL EDUCATION PUBLICATIONS 
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ECONO! 
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33.4 
COLPMAN 
40A 
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ANew Product by DOORS 
Volcanus 
Combustion Tube 


HIGH QUALITY 
ECONOMICALLY PRICED 


Catalog No. 680 
STRAIGHT END 


| Catalog No. 681 
ONE END 
CONSTRICTED 


Unglazed throughout. Thoroughly vitri- 
fied and impervious to gases. Suitable 
for high temperature combustion use. 


May be used to 2900° Fahrenheit, and 
over, depending upon the load, span 
and time interval. 


Inside Outside Wall Overall Le: 


Sie Diameter Diameter Thickness 24in. (27 in. 30 in. 33in. 3b in. 
No. Inches Inches Inches Price each 

%" $6.25 $ $7.85 $ $ 

2 1%" 6.80 8.40 

3 1%" 7.10 7.85 865 9.40 10.50 
1%" 7.35 840 9.15 10.20 11.00. 
4 1%" 143 55" 7.85 10.20 

4A 1%" §.90 11.50 


Tubes of 24” overall length; lengths of reduced end 2-3/16 inches. 
Tubes of 30” overall length; lengths of reduced end 3-1/8 inches. 


Outside diameter of constricted end 3/8 inches. 


Coors PORCELAIN COMPANY 
COLDEN, COLORADO 


4 BRIEF, INEXPENSIVE 
SELF-INSTRUCTION 


PROBLEM BOOKS 


How To Solve Problems In 
GENERAL CHEMISTRY 
Babor & Kremer. 88 pages. $.75 
How To Solve Problems In 
QUANTITATIVE ANALYSIS 
Arenson. 89 pages. $.75 
How To Solve Problems In 
QUALITATIVE ANALYSIS 
Babor & Macalpine. 93 pages. $.75 
How To Solve Problems In 
PHYSICAL CHEMISTRY 


Babor & Thiessen. 215 pages. $1.25 


THOMAS Y. CROWELL COMPANY 
432 Fourth Avenue | New York 16 


S&S No. 289 


DRY-DISPERSED, ASH-FREE 


Analytical Filter Pulp for Use in Exact 
Gravimetric Analyses 


Are YOU fully aware of the important 
advantages of this superior filter aid? 


Ask for Bulletin No. 68 and free sample 


CARL SCHLEICHER & SCHUELL CO. 


116 West 14th St. New York 11, N. Y. 


Seeing is Believing! 


Type AN-2012 | $290.00 


ASK YOUR DEALER TO SHOW YOU THE ABC 


AMERICAN BALANCE CORP. 
408 POTTER AVE., NEW ROCHELLE, N. Y. 
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THE 


ORTHOLUX 


RESEARCH 


with built-in 
Illumination System 
for Transmitted Light 
or Incident Light 


STAND: The modern stand is made of light alloy, pillar and base cular observation in transmitted or incident light (ordinary « 
cast integrally, thus making the instrument easy to carry without polarized), dark field microscopy, photo-micrography, drawing 
straining the focusing motions, since focusing is accomplished by demonstrations by projection onto the work-table. 

movement of stage. Coarse and fine focusing motions on double . 

ball bearings, ensuring consistently reliable and accurate working, SUBSTAGE: New arrangement. Berek double diaphragm tw 


unaffected by atmospheric influences. Dual coarse focusing con- component condenser. Even and brilliant illumination of the} 
trols and micrometer screw with graduated drumhead (1 interval entire field of view from the lowest-power objectives (large field) 
=0.001 mm.), set low, and not altering their level while the speci- to the highest-power immersion objectives. Aperture iris die 
mens are being focused. Automatic protection of specimen and phragm and field-of-view iris diaphragm. Practical arrangement] 
front lens. Stand turned away from the observer when in use. Well the diaphragms between the condenser lenses. Supplementary 
arranged object stage perfectly free and easily accessible. Con- optical components of the illuminating system in the microscopy 
venient orientation and focusing of the specimen. Easy and stand. Diaphragms controlling the aperture react at all magnifice 
comfortable position of body and arm, eliminating fatigue. tions. Exchanging or screwing apart of condenser components ™ 


longer necessary when changing over to the lowest magnification 
OBJECT STAGE: Large built-in square mechanical stage for Swinging out the top lens of the condenser alters its focal length, 


specimens up to 100 x 50 mm., traversing area 76 x 40 mm. Vernier ensuring perfect and uniform illumination of the larger field} 7 
readings and re-orientation irrespective of the position of the covered by these low power objectives. The lower iris diaphragn} | 
stage clips. Low-set mechanical stage drives. Vertical adjustment previously used as a field stop, now acts as an aperture diaphragng © 
on dovetail slide independent of the rack and pinion focusing The ability to center the double diaphragm condenser ensures tht 
motion for the observation of thick objects in incident light. optimum conditions of illumination, even where already existin{ 


and unmatched objectives are used. Vertical rack motion ft 
focusing the interchangeable dark field condensers. 
rmanently incorporated in the base of the microscope, where 
are axially Sliding mirror for a rapid change-over Complete with objectives and wooden ac- $1650 
from transmitted light to incident light when using a vertical ere 
illuminator. Holder for ground glass and daylight filter. Low volt- Straight Photographic Tube... 
age lamp of high intensity, adjustable for: Binocular and mono- Regulating transformer for 115 volt 60 cycle available at $304 K 
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Only an International Centrifuge can offer you such 
a wide range of interchangeable accessories. No 
other Centrifuge is so adaptable to your requirements 
present and future. 

Only genuine International heads, metal shields, 
trunnion rings, cups, and rubber cushions can give 
you peak performance from your International Cen- 
trifuge. Fifty years of engineering experience insure 
safety, reliability and smooth operation. Each acces- 
sory is stamped with the monogram and 
each individual piece is test run under overload for 
your protection. 

Illustrated here are a few of the accessories for the 
International Size 2. Send us the serial number of 
your Centrifuge and we will gladly send you a 
descriptive Bulletin listing all of the accessories usable 
on your machine. 
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Workers are kept informed on hazards and safety prac- 
tices through a planned program. 
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Supervisors recognize their responsibility to provide 
proper instruction and equipment. 


ov have this booklet 
me bys scribes: ” , Modern methods and appliances for handling all oper- 


“How to Prevent Accidents ations are used. 
in the Laboratory” @ 


“How to Avoid a Charge of 
Negligence”’ 


“Laboratory First Aid and ; 
Fire Fighting’ hand for unforeseen accidents. 


“Safety Equipment Availa- 
ble for Use in Laboratories” 


WRITE FOR FREE COPIES TO— 


Headquarters for Laboratory Supplies 


FISHER SCIENTIFIC COMPAN 


Stocks aft: 
717 Forbes, Pittsburgh (19), Penna. 635 Greenwich, New York (14), New 


2109 Locust, St. Louis (3), Mo. 7722 Woodbury, Silver Spring, Md. 
In Canada: Fisher Scientific Co., Ltd., 904 St. James, Montreal 


First aid and emergency equipment is conveniently at 
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